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TREATISE 

ON 

ASTRONOMY. 


INTRODUCTION. 

(1.) In entering upon any scientific pursuit, one of tihe 
student's first endeavours ought to be, to piepavo his 
^ind for the reception of truth, by dismissing, or at 
leasf loosening his bold on, all such crude and hastily 
adopted notions respecting tlie objects and relations he 
is about to examine as may tend to embarrass or mis- 
lead him ; and to strengthen himself, by something of 
an efibrt and a resolve, for the unprejudiced admisilon 
of any conduaion which shall appear to be aupportod by 
cardbl observation and logical argument, even shoulfiit 
prove of a nature adverse to notions be may have pre« 
viously formed for himself, or taken up, without exa- 
mination, on the credit of others. Such an effiirt is, in 
fact^ a commencement of that inteUectual disdj^ine 
whidi forms one of the most important ends of all 
sdenoe. It is the first movement of approach towards 
that state of mental purity which alone ^ fit us for a 
full and alBidy perception of mond beauty as well as 
physical adaptatimi. It ia the euphrasy ana me " 
wifo which we must purge our si§^t** bdbre we can 
receive and contemplate as they are the H|eaiiie»ts of 
trufli aasd nature* 

(fii) There u no adencewliidi, mom than aslioimii^ 
ata^ in need of sudi a pfeparatkn^ ta diawa more 
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largely on that intellectual liberality ivhich is ready to 
adopt whatever is demonstrated, or concede whatever is 
rendered highly probable, however new and uncommon 
the points of view may he in which objects the most 
familiar may thereby become placed. Almost all its 
conclusions stand in open and striking contradiction 
with those of superficial* and vulgar observation, and 
with wliat appears to every one, until he has understood 
and weighed the proofs to the contrary, the most po. 
sitive evidence of his senses. Thus, the earth on which 
he stands, and wdiich has served for ages as the un- 
shaken foundation of the firmest structures, citlier of art 
or nature, is divested by the astronomer of its attribute 
of fixity, and conceived by him as turning swiftly on its 
centre, and at the same time moving onwards through 
space with great rapidity. The sun and the moon, 
which appear to untaught eyes round bodies of no very 
considerable size, become enlarged in his imagination 
into vast globes, — the one approaching in magnitifile^o 
the eartli itself, the other immensely surpassing it. The 
planets, which appear only as stars somewhat brighter 
than the rest, are to liira spacious, elaborate, and habit- 
able worlds; several of them vastly greater and far 
more curiously furnished than the earth he inhabits, as 
tliere are also others less so ; and the stars themselves, 
properly so called, which to ordinary apprehension present 
only lucid sparks or brilliant atoms, are to him suns of 
Various and transcendent glory — effulgent centres of 
life and light to myriads of unseen worlds : so that when, 
after dilating his thoughts to comprehend the grandeur 
of those ideas his calculations have called up, and ex- 
hausting his^ imagination and the powers of his lan- 
guage to davise similes and metaphors illustrative of 
ike immensity of the scale on which his universe is con- 
structed, he shrinks back to his native sphere ; he finds 
it, in oopd^^son, a mere point; so lost-— even in the 
minute system to which it belongs — as to he invisible 
Md^pinsuspected from some of its principal and remoter 
EjijllubeiB. 
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(3.) There is hardly any thing which sets in a 
stronger light the inherent power of truth over the mind 
of man^ when opposed by no motives of interest or pas. 
sion^ than the peifect readiness with which all these con- 
clusions are assented to as soon as their evidence is clearly 
apprehended, and the tenacious hold tliey acquire over 
our belief when once admitted. In the conduct, there, 
fore of this volume, we shall take it for grant^ that 
our reader is more desirous to learn the system which 
it is its object to teach as it now stands, than to raise 
or revive objections against it ; and that, in short, 
he comes to the task with a willing mind ; an assumption 
which will not only save ourselves the trouble of piling ar- 
gument on aigument to convince the sceptical, but will 
greatly facilitate his actual progress, inasmuch as he will 
find it at once easier and more satisfactory to pursue from 
the outset a straight and definite path, than to be con. 
^tacitly stepping aside, involving himself in perplexities 
and circuits, which, after all, can only terminate in 
finding himself compelled to adopt our road. 

(4.) The method, therefore, we propose to follow 
is neither strictly the analytic nor the synthetic, but 
rather such a combination of both, with a leaning to the 
latter, as may best suit with a didactic composition. 
Our object is net to convince or refute opponents, nor 
to enquire, under the semblance of an assumed *}gno. 
ranee, for principles of which we are bH the time in fhll 
possession — but simply to tsacA what we know. The 
moderate limit of a single volume, and the necessity of 
being on every point, within that limit, rather diftse 
and copious in explanation, as wdl ss the eminently 
matured and ascertained character of the science itself, 
render this course both practicable and ^igiUe. Prac- 
ticable, because there is now no danger of any revdation 
in pstronomy, like those which are daily diangliig the 
features of the less advanced Bdenees, j|^per?«iiiig; ta^ 
destroy all our hypotheses, and ilucow our stsiements 
into confusion, ^gible, because the ipace to be iNh 
stowed, either in combating refuted ^etcroi^ or In 
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leading the reader forward by slow and measured steps 
from the known to tlie unknown^ may be more advan- 
tageously devoted to such explanatory illustrations as 
will impress on him a familiar and, as it wcrc^ a prac- 
tical sense of the sequence of phenomena^ and the 
manner in which they are produced. We shall not, 
then, reject the analytic course where it Icails more 
easily and directly to our objects, or in any way fetter 
ourselves by a rigid adherence to method. Writing 
only to he uridei'stood, and to comnmnicaU^. as much 
information in as little space as possible, consistently 
with its distinct and effectual communication, we can 
afford to make no sacrifice to system, to form, or to 
affectation. 

(5.) W'e shall take for granted, from the outset, 
the Copcriiican system of the world; relying on the 
easy, obvious, and natural explanation it affords of all 
the phcftoincna as they come to be described, to iin.^^ 
prcsss the student with a sense of its truth, without 
cither the formjility of demonstration or the superfluous 
ttMlium of eulogy, calling to mind that important re- 
mark of Jlacoii : — Theoriarum vires, arcta ct quasi 
se mutuo sustinentc paitiuin adaptationc, qua, quasi in 
orbem cohsreut, firmantur nor failing, however, to 
point out to the reader, as occasion offers, the contrast 
which its superior simplicity offers to the complication ^ 
of other hypotheses. 

(6.) The preliminary knowledge wliich it is desir- 
able that the student should possess, in order for the 
more advantageous perusal of the following pages, con- 
suls in the familiar practice of decimal and sexagesimal 
arithmetic ; some moderate acquaintance with geometry 
and trigonometry, both plane and spherical; the ele- 
mentary principles of mechanics; and enough of optics 
to undmtan^the construction and use of the telescope, 
and some omer of the simpler instruments. For the 

* The oonflrmation of theor)« reliev on the comiiact adaptation of their 
parti, by which, like those of an arch or dome, they mutually eusUin each 
Other, and ftwm a ciherent wholA 
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acquisition of tliese we may refer him to those other 
parts of this Cyclopedia which profess to treat of the 
several subjects in question. Of course^ the more of 
such knowledge he brings to the perusal^ the easier 
will be his progress, and the more complete the inform, 
ation gained ; but we shall endeavour in every case, as 
far as it can be done without a sacrifice of clearness, and 
of that useful brevity which consists in the absence of 
prolixity and episode, to render what we have to say as 
independent of other books as possible. 

(7.) After all, we must distinctly caution such of 
our readers as may commence and terminate their astro, 
nomical studies with the present work (tliough of such,..^ 
at least in the latter predicament, — we trust the number 
will be few), tliat its utmost pretension is to place them 
on the threshold of tliis particular wing of the temple of 
Science, or rather on an eminence exterior to it, whence 
may obtain something like a general notion of its 
structure ; or, at most, to give those who may wish to 
enter, a ground-plan of its accesses, and put them in 
possession of the pass-word. Admission tp its sane, 
tuary, and to the privileges and feelings of a votary, 
is only to be gained by one means, <— a fiBund and 
sufficient Icnovdedge of mathematics, the great instrUm 
merit of all exact enquiry, without which no man *fmn 
ircer make such advances in this or any other of the 
higher departments of science, as can entitle him to form 
an independent opinion on any subject of discussion 
within their range. It is not without an effort that 
those who possess tliis knowledge can communicate on 
such subjects with those who do not, and adapt their 
language and their illustrations to the necessities of such 
an intercourse. Propositions which to *the one are 
almost identical, are theorems of import and difficulty 
to the other; nor is their evidence presmted in the 
same way to the mind of each. In teachinlg such pro- 
positions, under such circumstances, the appeal has to 
be made, not to the pure and abstract reason, but to 
the sense of analogy — to practice and experience: 

B 3 
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principles and modes of action have to be established^ 
not by direct argument from acknowledged axioms^ but 
by bringing forward ami dwelling on simple and fami. 
liar instances in which the same principles and the same 
or similar modes of action take place; tlius erecting^ as 
it were, in each particular case, a separate induction, 
and constructing at each step a little body of science to 
meet its exigencies. The difference is that of pioneering 
a road through an untraversed country and advancing 
at case along a broad and beaten highway ; that is 
to say, if we are determined to make ourselves distinctly 
understood, and will appeal to reason at all. As for the 
method of assertion, or a direct demand on the faith of 
tile student (though in some complex cases indispensable, 
where illustrative explanation would defeat its owm end 
by becotriing tedious and burdensome to both parties), it 
is one which we shall neither adopt ourselves nor would 
recommend to others. r 

(8.) On the other hand, although it is something new 
to abandon the road of mathematical demonstration in the 
treatment of subjects susceptible of it, and teach any 
considerable branch of science entirely or chiefly by the 
way of illustration and familiar parallels, it is yet not im. 
possible that those who arc already well acquainted with 
our subject, and whose knowledge has been acquired by 
that confessedly higher and better practice which is in- 
compatible with the avowed objects of the present work, 
may yet find their account in its perusal, — for this reason, 
that it is always of advantage to present any given body 
of knowledge to the mind in as great a variety of dif- 
ferent lights as possible. It is a property of illustrations 
of this kind 16 strike no two minds in tlie same man- 
ner, or wdth the same force ; because no two minds are 
stored with the same images, or have acquired their 
notions of tl^m by similar habits. Accordingly, it may 
very well happen, that a proposition, even to one best ac- 
quainted with it, may be placed not merely in a new and 
uncommon, but in a more impressive and satisfactory 
light by such«a course — some obscurity may be dissi. 
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pated^ some inward misgiving cleared up, or even some 
link supplied which may lead to the perception of connec- 
tions and deductions altogetlier unknown before. And 
the probability of this is increased when, as in the present 
instance, the illustrations chosen have not been studiously 
selected frpm books, but arc such as have presented 
themselves freely to the author’s mind as being most in 
harmony with his own views ; by which, of course, he 
means to lay no claim to originality in all or any of 
them beyond what they may really possess. 

(9<) Besides, there are cases in the application of 
mechanical principles with which the mathematical Ktu« 
dent is but too familiar, where, when the data arc before 
him, and the numerical and geometrical relations of his 
problems all clear to his conception,-*- when his forces are 
estimated and his lines measured, — nay, when even he 
has followed up the application of his technical processes, 
•anckfairly arrived at his conclusion, — there is still some- 
thing wanting in his mind — not in the evidence, for he 
has examined each link, and finds the chain complete — 
not in the principles, for those he well knows are too 
firmly established to be shaken — hut precisely in the 
mode of action* lie has followed out a train of reason, 
ing by logical and technical rules, but the signs he 
has employed ai'e not pictures of nature, or haw lost 
their original meaning as such to liis mind: ho has 
not seen, as it were, the process of nature passing under 
his eye in an instant of time, and presented as a whole 
to his imagination. A familiar parallel, or an illustra- 
tion drawn from some artificial or natural process, of 
which he has that direct and individual impression which 
gives it a reality and associates it with % name, will, in 
almost every such case, supply in a momeift this deficient 
feature^ will convert all bis symbols into real pictures, 
and infuse an animated meaning into what was before 
a lifeless succession of words and signs^ We cannot, 
indeed, always promise ourselves to attain this degree of 
vividness in our illustrations^ nor arc the points to be 
elucidated themselves always capable of«being so ynzra* 
B 4 
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phrased (if we may use the expression) by any single 
instance adducible in the ordinary course of experience ; 
but the object will at least be kept in view ; and, as we 
arc very conscious of having, in making such attempts 
gained for ourselves much dearer views of several of tljc 
more concealed effects of planetary perturbation than 
we had acquired by their mathematical investigation in 
detail, we may reasonably hope that the endeavour will 
not always be unattended with a similar success in 
others. 

(10.) From what has been said, it will he evident 
that our aim is not to offer to the public a tccnnical 
treatise, in which the student of practical or theoretical 
astronomy shall find consigned the minute description 
of methods of observation, or the formula,' he requires 
prepared to his hand, or theh demonstrations drawn 
out in detail. In all these the present work will be 
found meagre, and quite inadequate to his wants, tltif * 
aim is entirely different; being to j)rescnt in each case the 
mere ultimate rationale of facts, arguments, and pro- 
cesses ; and, in all cases of mathematical application, 
avoiding vrhatever would tend to encumber its pages 
with algebraic or geometrical symbols, to place under 
his inspection that central thread of common sense on 
which the pearls of analytical research are invariably 
strung ; but which, by the attention the latter claim for 
themselves, is often concealed from tlie eye of the gazer, 
and not always disposed in the straightest and most con- 
venient form to foUow by those who string them. This 
is no fault of those who have conducted the enquiries to 
which we allude. The contention of mind for which 
they call is eno-mous ; and it may, perhaps, be owing 
to their experience of hou> lUtle can be accomplished in 
carrying such processes on to their condusion, by mere 
ordinary ckarj^ess of head; and how necessary it often 
is to pay more attention to the purely mathematical 
conditions which ensure success, — the hooks .and-%yes 
of their equations and scries, — than to those which en- 
chain causes wi^h tlieir effects, and both with the human 
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reason^ — that we must attribute sometliing of that in. 
distinctness of view which is often complained of as a 
grievance by the earnest student^ and still more com- 
monly ascribed ironically to the native cloudiness of an 
atmosphere too sublime for vulgar comprehension. We 
think we shall render good service to both classes of 
readers^ by dissipating, so far as our power lies, that acci. 
dental obscurity, and by showing ordinary untutored 
comprehension clearly what it can, and what it cannot, 
liope to attain. 


CHAPTER 1. 

OEN'EUAL NOTIONS. FOllM AND MAONITUOE OF THE SAKTU. 

HOlUZON AND ITS DIF,—- THE ATMOSPHERE. REFRACTION. 

TWILIGHT. — APPEARANCFS RESULTING FROM DIURNAL MO- 
**TISN.— PARALLAX. — FIRST STEP TOWARDS FORMING AN IDEA 
OF THE DISTANCE OF THE STARS. — DEFINITIONS. 

(11.) The magnitudes, distances, arrangement, and 
motions of the great bodies which make up the visible 
universe, their constitution and physical condition, so 
far as they can be known to us, with their mutual in- 
liuenccs and actions on each other, so far as they cah be 
traced by the edbets produced, and established by legiti- 
mate reasoning, form the assemblage of objects to which 
the attention of the astronomer is directed. 1'he tenn 
astronomy * itself, which denotes the law or rule of the 
a^tra (by which the ancients understood not only the 
stars properly so called, but the sun, the moon, and all 
the visible constituents of the heavens), sufficiently indi- 
cates this ; and, although the term astrolofy, which de- 
notes the reason, theory, or interpreMim of the stars t, 
has become degraded in its application, ai^ confined to 

* Arm;, a ttar ; topug, a law ; or nunf, to tendija a shepherd hU flock ; 
« that means ** sbephepdor the stars.** ^hetwo etymologies are, 

however, ci^cident . . ^ 

f A« 7 «r, reaion, or a word, the vehicle of reason ; the Interpreter of 
ihouShti 
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CHAP. I. 


superstitious and delusive attempts to divine future events 
by thfur dependence on pretended planetary influences, 
the same meaning originally attached itself to that 
epithet. 

(ISJ.) But, besides the stars and other celestial bo- 
dies, the earth itself, regarded as an individual body, is 
one principal object of the astronomer's consideration, 
and, indeed, the chief of all. It derives its importance, 
in a practical as well as theoretical sense, not only 
from its proximity, and its relation to us as animated 
beings, who draw from it the supply of all our wants, 
but as the station from which we see all the rest, and as 
the only one among them to which we can, in the first 
instance, refer for any determinate marks and measures 
by which to recognize their changes of situation, or with 
which to compare their distances. 

(IS.) To the reader who now for the first time 
takes up a hook on astronomy, it will no doubt ipexF 
strange to class the earth with the heavenly bodies, and 
to assume any community of nature among things appa- 
rently BO different. For what, in fact, can be more a]>- 
parently different than the vast and seemingly immea- 
surable extent of the earth, and the stars, which ap]>car 
but as points, and seem to have no size at all ? The 
earth is dark and opaque, while the celestial bodies are 
brilhant. We perceive in it no motion, while in them 
we observe a continual change of place, as we view them 
at different hours of the day or night, or at different 
seasons of the year. The ancients, accordingly, one or 
two of the more enlightened of them only excepted, ad- 
mitted no such community of nature; and, by thus 
placing the hotvenly bodies and their movements with- 
out the pale df analogy and experience, efliectiially inter- 
cepted the progress of all reasoning from what passes 
here below, to what is going on in the regions where 
they exist and move. Under such conventions, astronomy, 
as a science of cause and effect, could not exist, but 
must be limited to a mere registry of appearances, un- 
connected with any attempt to account for them on rea- 
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sonable principles. To get rid of this prejudice^ there- 
fore^ is the hrst step towards acquiring a knowledge of 
what is really the case ; and the student has made his 
first effort towards the acquisition of sound knowledge, 
when he has learnt to familiarize himself with the idea 
that the earth, after all* v^ay he nothing hut a great star. 
How correct such an idea may be, and with what limit- 
ations and modifications it is to be admitted, vre shall see 
presently. 

(14.) It is evident, that, to form any just notions of 
the arrangement, in space, of a number of objects which 
we cannot approach and examine, but of which all the 
information we can gain is by sitting still and watching 
their evolutions, it must be very important for us to 
know, in the first instance, whether what we call sitting 
still is really such : whether the station from' which we 
view them, with ourselves, and all objects Which im- 
fNecUately surround us, be not itself in motion, unper** 
ccived by us ; and if so, of what nature that motion is. 
Tile apparent places of a number of objects, and their 
apparent arrangement with respect to each other, will of 
course be materially dependent on the situation of the 
spectator among them ; add if this situation be liable to 
change, unknown to the s^iectator himself, an appearance 
of change in the respective situations of the objccts'Vrill 
arise, without the reality. If, then, such be actually the 
case, it will follow that all the movements vre think we 
perceive among the stars will not be real movements, but 
that some part, at least, of whatever changes of relative 
jdace we perceive among them must be merely apparent, 
the results of the shifting of our own point of view ; 
and that, if we would ever arrive at a kncyvledge of their 
reid motions, it can only he by first in^stigating our 
own, and making due aUowance for its efiects. Thus, 
the question whether the earth is in motion or at rest, 
and if in motion, what that motiop is, is no idle enquiry, 
but one on whi^ depends our only chance of arriving 
at true conclusions respecting the constitution of the 
universe. 
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(15.) Nor let it be thought strange that we should 
speak of a motion existing in the earthy unperceived by 
its inhabitants : we must remember that it is of the 
earth as a whole, with all that it holds within its sub- 
stance^ or sustains on its surface, that we arc speaking ; 
of a motion common to the solid mass l)encath, to the 
ocean which flows around it, the air that rests upon it, 
and the clouds which float above it in the air. Such a 
motion, which should displace no terrestrial ol)ject from 
its relative place among others, interfere with no 
natural processes, and produce no sensations of shocks 
or jerks, might, it is very evident, subsist undetected 
by us. There is no peculiar sensation which adver- 
tises us that we are in motion. We perceive jerks, or 
shocks, it is true, because these are sudden changes 
of motioil^produced, as the laws of mechanics teach 
us, by Ku£fen and powerful forces acting during short 
times I and these forces, applied to our bodies, are what* 
we feel. When, for t'xample, we are carried along in 
a carriage with tlie blinds down, or with our eyes closed 
(to keep us from seeing external objects), we perceive a 
tremor arising from inequalities in the road, over which 
the carriage is successively lifted and let fall, but we 
have no sense of progress. As the road is smoother, our 
sense of motion is diminished, though our rate of tra- 
velling is accelerated. Those who have travelled on the 
celebrated railroad between Manchester and Liverpool 
testify that but for the noise of the train, and the ra- 
pidity with which external objects seem to dart by tliem, 
the sensation is almost that of perfect rest. 

(16.) But it is on shiplxiard, where a great system 
is maintained jn motion, and where we are surrounded 
with a multitude of objects which participate with our- 
selves and each other in the common progress of the 
whole mass, that we feel most satisfactorily the identity 
of sensation ifetween a state of motion and one of rest. 
In the cabin of a large and heavy vessel, going smoothly 
before the wind in still water, or drawn along a canal, 
not the smalles( indication acquaints us with Ae way it 
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is making. We read, sit, walk, and perform every cus- 
tomary action as if we were on land. If we tlirow a ball 
into the air, it falls back into our hand ; or, if we drop it, 
it lights at our feet. Insects buzz around us as in the 
free air ; and smoke ascends in the same manner as it 
would do in, an apartment on shore. If, indeed, we come 
on deck, the case is, in some respects, different ; the air, 
not being carried along widi us, drifts away smoke and 
other liglit bodies — such as feathers abandoned to it — 
apparently, in the opposite direction to that of the ship’s 
progress ; but, in reality, thtyy remain at rest, and we leave 
them behind in the air. Still, the illusion, so far as mas. 
sive objects and our own movements are concerned, re. 
mains complete ; and when we look at tbe shore, we then 
perceive the effect of our own motion transferred, in a 
contrary direction, to external objects — that is, 
to the myntfm of v^hich we form a pnrU 

• • • «f Provohiinur portu, tcrricquc urbesque receilunt.** 

(170 external objects at rest appear 

in motion generally, with respect to ourselves when we 
are in motion among them, but they appear to move one 
among the other — they shift their relative apparent 
places. Let any one travelling rapidly along a high 
road fix his eye steadily on any object, but at the name 
time not entirely withdraw his attention from the general 
landscape, — he will see, or think he sees, the whole 
landscape thrown into rotatim, and moving round that 
object as a centre ; all objects between it and himself 
appearing to move backwards^ or the contrary way to his 
own motion ; and all beyond *it, forwards, or in the di- 
rection in which he moves : but let him^ withdraw his 
eye from that object, and fix it on anothef , — a nearer 
one, for instance, — immediately the appearance of ro. 
tation shifts also, and the apparent centre about which 
this illusive circulation is performed il transferred 
to the new object, which, for the moment, appears to 
rest. This apparent change of situation of objects 
wi^ resnect to one another, arising froi|i a motion of 
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the spectator^ is called a parallactic motion ; and it is^ 
therefore^ evident that^ before we can ascertain whether 
external objects are really in motion or not, or w'hat 
their motions are, wc must subduct, or allow for, any 
such parallactic motion vrhicli may exist. 

( 18 .) In order, however, to conceive the earth as 
in motion, we must form to ourselves a conception of its 
shape and size. Now, an object cannot have shape and 
size, unless it is limited on all sides by some definite 
outline, so as to admit of our imagining it, at least, dis- 
connected from otlier Ijodies, and existing insulated in 
space. The first rude notion wc form of the earth is 
that of a fiat surface, of indefinite extent in all directions 
from the spot where we stand, above which are the air 
and A'/iz/y below, to an indefinite profundity, solid matter. 
This is a prejudice to be got rid of, like that of the earth's 
immobility ; — but it is one mucli easier to rid ourselves 
of, inasmuch as it originates only in our own irp^nv^ 
inactivity, in not que?stioning ourselves where we will 
place a limit to a thing we have been accustomed from 
infancy to regard as immensely large ; and does not, like 
that, originate in the testimony of our senses unduly 
interpreted. On the contrary, the direct testimony of 
our senses lies the other way. When we see the sun set 
in the evening in the west, and rise again in the east, 
as we cannot doubt that is the same sun we see after a 
temporary absence, we must do violence to all our no- 
tions of solid matter, to suppose it to have made its way 
through the substance of the earth. It must, therefore, 
have gone under it, and that not by a mere subter- 
raneous chaiinel; for if we notice the points where it sets 
and rises for ^any successive days, or for a whole year, 
we shall fiiri them constantly shifting, round a very 
large extent of the horizon ; and, besides, the moon and 
stars also set and rise again in all points of the visible 
horizon. 'Aie conclusion is plain : the earth cannot ex- 
tend indefinitely in depth downwards, nor indefinitely in 
surface laterally ; it must have not only bounds in a 
horizontal (li]|ction, but also an under side round which 
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the sun^ moon, and stars can pass ; and that side must, 
at least, he so far like what we see, that it must have a 
sky and sunshine, and a day when it is night to us, and 
vice mrsd ; where, in short, 

" rctlit ^ Tiobi)i Aurora, dicinqiio retlurit. 

Noaqiie ubi urnuiiR (•quia oritMiK alllAVit anhclis, 
lIUo sera rubcnia acceridit lumitia Vesper.” Georg. 

( 19 .) As soon as we have familiarized ourselves 
with tlie conception of an earth without foundations or 
fixed supports — existing insulated in space from contact 
of every thing external, it becomes easy to imagine it in 
motion — or, rather, difficult to imagine it otherwise ; 
for, since there is nothing to retain it in one place, should 
any causes of motion exist, or any forces act upon it, it 
must obey their impulse. Let us next see what obvious 
circumstances there are to help us to a knowledge of the 
shape of the earth. 

••(20.) Let us first examine what we can actually 
see ot its shape. Now, it is not on land (unless, indexed, 
on uncommonly level and extcMisive plains) that urc can 
see any thing of the general figure of the earth ; — the 
lulls, trees, and other objects which roughen its surface, 
and break and elevate the line of tlie horizon, tliough 
obviously bearing a most minute proportion to the whole 
earth, are yet too considerable, with respect to ourselves 
and to that small portion of it which we can see at a 
single view, to allow of our forming any judgment of 
the form of the whole, from that of a part so disfigured. 
But with the surface of the sea, ox: any vastly extended 
level plain, the case is otlicrwisc. If wc sail out of 
sight of land, whether we stand on the deck of the ship 
or climb the mast, we see the surface of the sea — not 
losing itself in distance and mist, but t^piinated by a 
sharp, clear, well defined line, or offing as it is called, 
which runs all round us in a circle, having our sta- 
tion for its centre. That this line is raally a circle, 
we condude, first, from the ])erfect apparent similarity 
of all its parts ; and, secondly, from fact of all its 
parts appearing at the same distance from us, and 
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tliatj evidently a moderate one ; and^ thirdly^ from this, 
that its apparent diameter, measured with an instrument 
called the dip sector, is the same (except under some 
sin^^lar atmospheric circumstances, which produce a 
temporary distortion of the outline), in whatever direc- 
tion tlie measure is taken, — properties which Mong 
only to the circle amonp; pjeoinetrical figures. If we 
ascend a high eminence on a plain (for instance, one of 
the Egyptian pyramids), the sanje holds good. 

(i21.) Masts of ships, however, and the edifices erec^- 
ed by man, are trifling eminences compared to what 
nature itsrif affords ; -flitna, TcneriHe, Mowna Roa, art* 
eminences from which no contemptible aliquot part of 
the whole earth’s surface can be seen ; hut from thi‘se 
again — in those few and rare occasions when the trans- 
parency of the air will permit the real boundary of the 
horizon, the true sea-line, to be seen — the very same 
appearances are witnessed, but with this rcmaijlwalife 
addititm, viz. that the angular diameter of the visible 
area, as measured by the di]) sector, is materially less 
than at a lower level ; or, in other words, that the o//. 
potent sixe of the earth has sensibly diminished as we 
have receded from its surface, while yet the absolute 
qiiantitif of it seen at once has been increased. 

(22.) The same appearances arc observed uni. 
vcrsally, in every part of the, earth's surface visited by 
man. Now', the figure of a l>ody which, however seen 
apjK'ors always circular, can he no other than a sphere 
or globe. 

(28.) A diagram wrill elucidate this. Suppose the 
earth to be represented by the sphere LHNQ, whose 
centre is C, ^aud let A, G, IVf he stations at Afferent 
elevations abt*ve various points of its surface, represented 
by a, g, m respectively. From each of them (as from 
M) let a line be drawn, as M N n, a tangent to the sur- 
^fkce at dien will this line represent the visual ray 
along which the spectator at M wrill see ^e visible 
horizon ; and u this tangent sweeps round M, and 
comes succe8|iwy into the positions MO(V MPp, 
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MQq, the point of contact N will mark out on the sur- 
face the circle N O P Q. The area of this circle is the 



portion of the earth's surfatia visible to a spectator atiM, 
and the angle N M Q included Jbetween the two extreme 
visual rays is the measure of its apparent angular 
diameter. Leaving, at present, out of consideration the 
effect of refraction in the air below M, of which |norc 
hereafter, and which always tends, in some degree, to 
increase that angle, or render it more obtuse, this is the 
angle measured by the dip sector. Nowfjit is evident, 
Ist, that as the point M is more elevated above m, the poinf 
immediately below it on the sphere, the visible area, 
Le. the spherical segment or slice NO P% Bjjijpreases ; 
2dly, ^at the distance of the visible horiason^ or bound- 
ary of our view from the eye, viz. the line MN, 
increases; and, Sdly, that the angle MQ becomes 

* '0^iCv,iofermiJUKte, 

O 
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lens ohtuiB, or, in other words, the apparent angular 
diameter of the earth diminishes, lieing nowhere so 
great as 1 80^, or two right angles, but falling short of 
it by some sensible quantity, and that more and more 
the higher we ascend. The figure exhibits three states 
or stages of elevation, Tvith the horizon, &c. corre- 
sponding to each, a glance at which will explain our 
meaning; or, limiting ourselves to the larger and more 
distinct, JVI X( ) l*Q, let the reader imagine uN M, M Q 7 
to be the two legs of a ruler jointed at M, and kept ex- 
tended by the globe N m Q between them. It is clear, 
that as the joint M is urged liome towards the surface, 
the legs will oi»en, and the ruler will become more 
nearly straightf but will not attain pp.rffct stniiglitncss till 
M is brought fairly up to contact with the surface atw, 
in which case its whole length will become a imigmt to 
the sphere at m, as is the line a? y. 

(2 4.) This explains what is meant by the df;) 
the horizon, I\f m, wliich i.s perpendicular to the ge- 
neral surface of the sphere at wa, is also tjie direction 
in which a plumb Jinc* would hang; for it is an ob- 
served fact, that in all situations, in every part of the 
earth, the direction of a plumb-line is exactly perpen- 
dicular to the surface of still water ; and, moreover, that 
it is also exactly pcrpendicidar to a line or surface truly 
adjusted by a »pirH4evel* Suppose, then, that at our 
station M we were to adjust a line (a wooden ruler for 
instance) by a spirit-level, with perfect exactness ; then, 
if we suppose the direction of this line indefinitely pro- 
longed both ways, as X M Y, the line so drawn will be 
at right angles to M m, and therefore parallel to .r m 
the tangent t, the sphere at m. A spectator placed at 
M will therefore sec not only all the vault of the sky 
aUm this line, as X Z Y, but also that i)ortion or zone of 
it which lie^ Ixstween X N and Y Q ; in other words, his 
sky will he^ more than ahemispherc by the zone Y QXN. 
It is the angular breadth of this redundant zone — the 
angle Y M Q, by which the visible horizon appears de- 

• Sue this iDStrument describn] in Cimpi II. 
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pressed below the direction of ft spirit-level — that is 
called the dip of the borlvon. It is a correction of con- 
stant use in nautical astronomy. 

(2.5.) From the foregoing explanations it appears, 
1 St, That the general figure of the earth (so far as it can 
be gathered from tliis kind of observation) is that of a 
sphere or globe. In this we also include that of the sea, 
which, wherever it extends, covers and fills in those in- 
(viiialities and local irregularities which exist on land, 
hut which can of course only be regarded as trifling 
deviations from the general outline of the whole mass, 
as we consider an orange not the less round for the 
roughnesses on its rind. 2dly, That the appearance 
of a viftihle horizon, or sea offing, is a consequence of 
the curvature of the surface, and does not arise from 
the inability of the eye to follow objects to a greater dis- 
tance, or from atmospheric indistinctness. It will be 
Vorth while to pursue the general notion thus acquired 
into some of its consequences, by which its consistency 
with observations of a different kind, and on a larger 
scale, will be put to the test, and a clear conception he 
formed of the manner in which tlie parts of the earth 
are related to each other, and held together as a whole. 

(2f).) In the first place, then, every one who has 
passed a little while at the sea side is aware that objects 
may he seen perfectly well Iwyond the ojfing or visible 
horizon — hut not the whole of them. We only see 
their upper parts. Their bases where they rest on, or 
rise out of the water, are hid from view by the spherical 
surface of the sea, which protrudes between them and 
ourselves. Suppose a ship, for instance, to sail directly 
away from our station ; — at first, when fhie distance of 
the ship is small, a spectator, S, situated at some certain 
height above the sea, sees the whole of the ship, even 
to the water line where it rests on the sca,«s 9t A. As 
it recedes it diminishes, it is true, in appareliilt size, but 
still the whole is seen down to the water line, till it 
reaches the vUible horizon at B. But as soon as it has 
passed this distance, not only does the tisible portion 
o 2 



20 A TllEATlSE ON ASTRONOMY* CHAP. I. 

Still continue to diminish in apparent sixCy but the hull 
l)cgins to disappear bodily^ as if sunk below the surface. 



When it has reached a certain distance, as at C, its hull 
has entirely vanished, but the masts and sails remain^ 
presenting the appearance c. But if, in this state of 
things, the spectator quickly ascends to a higher station, 
T, whose visible horizon is at D, the hull comes again in 
sight ; and when he descends jagain hg loses it. 
ship still receding, the lower sails seem to sink below the 
water, as at d, and at length the whole disappears: 
while yet the distinctness with which the last portion of 
the sail d is seen is such as to satisfy us that were it 
not for the interposed segment of the sea, ABCDK, the 
distance T E is not so great as to have prevented an 
equally perfect view of the whole. 

(27.) In this manner, tlierefore, if we could mea- 
sure tike heights and exact distance of two stations 
which could barely be discerned from each other 
over tlie edge of the horizon, we could ascertain 
tlie actual size of the earth itself : and, in fact, were it 
not for the effect of refraction, by whidi we are enabled 
to see in somf? small degree rnvnd the interposed seg- 
ment (as will be hereafter explained), this would be a 
tolerably good method of ascertaining it. Suppose A 
and B to be *wo eminences, whose perpendicular heights 
A a and B 6 (which, for simplicity, we will suppose to be 
exactly equal) arc known, as well as their exact hori- 
zontal interval a I) b, by measurement ; then it is clear 
tliat D, the viable horizon of both, will lie just half. way 
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between them^ and if we suppose a D & to be the sphere 
of the eartlij and C its centre in the figure C 1) 6 B, we 



know D b, the length of the arch of the circle between 
1) and b, — viz. half the measured interval, and b B, tlie 
excess of its secant above its radius — which is tlie height 
of By — data which, by the solution of an easy geometricai^. 
problem, enable us to find the length of the radius D C. 
if, as is really the case, we suppose both the heights and 
^fistance of the stations inconsiderable in comparison 
with the size of the earth, the solution alluded to is con* 
tained in the following ])rox)osition : — 

The earth* 8 diameter bears the same proportion to the 
distanee of the visible Jtorizon from the eye as that rfw- 
tance docs to the height of the eye above the sea level. 

\Vlien the stations are unequal in height the problem 
is a little more complicated. 

(28.) Although, as we have observed, the effect of 
refraction prevents this from being an exact method of 
ascertaining the dimensions of the earth, yet it will suf* 
fice to afibrd such an approximation to it as shall be of 
use in the present stage of the reader's knowledge, and 
help h'm to many just conceptions, on which account 
we shall exemplify its application in nurflbers. Now, it 
appears by observation, that two points, each ten feet 
above the surface, cease to be visible from each other 
over still water, and in average atmosplieric circum- 
BtBDoea, at a distance of about 8 miles. But 10 feet is- 
the 528th part of a mile, so that half their distance, or 
4 miles, is to the height of each as 4 x 528 or 21 12 : 1, 
and therefore in the same proportion toP4 miles is the 
0 S 
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length of tlie earth's diameter. It must, therefore, he 
equal to 4x21 12 = 8448, or, in round mimhers, about 
8000 miles, which is not very far from the truth. 

( 29 .) Such is tile first rough result of an attempt 
to ascertain the earth's magnitude ; and it will not lie 
amiss if we take advantage of it to compare it with ob- 
jects we have been accustomed to consider as of vast 
size, so as to interjiose a few steps between it and our 
ordinary iiloas of dimension. We have before likened 
the inequalities on the earth's surface, arising from moun. 
tains, valleys, buildings, to ibc roughnesses on the rind 

of an orange, compared with its general mass. 'J'he com- 
parison is quite free from exaggeration. The highest 
mountain known does not exceed five miles in perpen- 
dicular elevation: this is only one KiOOtli ]uirt of the 
earth's diameter; consequently, on a globe of sixteen 
inches in diameter, such a mountain w'ould be repre- 
sented by a protuberance of no more than one Imndrf^dUw 
part of an inch, which is about the thickness of ordi. 
nary drawing-paper. Now as there is no entire con- 
tinent, or even any very extensive tract of land, known, 
whose general elevation above the sea is any thing like 
half this quantity, it follows, that if we would construct 
a correct model of our earth, witli its seas, continents, 
and mountains, on a globe sixteen inches in diameter, 
tlie whole of the land, with the exception of a few pro. 
minent points and ridges, must be comprised on it within 
the tliickness of thin writing-paper; and the highest 
hills would be represented by the smallest visible grains 
of sand. 

(80.) The deepest mine existing does not penetrate 
half a mile b^low the surface : a scratch, or pin-hole, 
duly represen:ing it, on the surface of such a globe as 
our model, would be imperceptible without a magnifier. 

(81.) The greatest depth of sea, probably, does 
not much exceed the greatest elevation of the con. 
dnents ; and would, of course; be represented by an ex. 
cavation, in about the same proportion, into the substance 
of the globe : |o that the ocean comes to be conceived 
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as a mere film of liquid^ such as^ on our model, would 
be left by a brush dipped in colour and drawn over those 
parts intended to represent the sea : only, in so conceiv- 
ing it, we must bear in mind that the resemblance ex- 
tends no farther than to proportion in point of quantity. 
The mechanical laws which would regulate the distri- 
bution asid movements of such a film, and its adhesion 
to the surface, are altogether different from those which 
govern the phenomena of the sea. 

(32,) Lastly, the greatest extent of tlie earth's sur- 
face which has ever been seen at once by man, was 
that exposed to the view of I^fM. Biot and Gay-Lus- 
sac, in their celebrated aeronautic expedition to die 
enormous height of 2. ^,000 feet, or rather less than 
five miles. To estimate the proportion of the area 
visible from this elevation to the whole eartli’s surface, 
we must have recourse to die geometry of the sphere, 
^^•hich informs us that the convex surface of a spherical 
segment is to the whole surface of the sphere to which 
it belongs as the versed sine, or thickness of die segment, 
is to the diameter of the sphere ; and further, that this 
thickness, in the case wc are considering, is almost ex- 
actly equal to the perpendicular elevation of the point of 
sight above the surface. The proportion, therefore, of 
the visible area, in this case, to the whole earth's surface, 
is that of five miles to 8000, or 1 to lOOO. Th(f portion 
visible from ^tna, the Peak of Teneriffe, or Mowna 
Roa, is about one 4000th. 

(33.) When wc ascend to any very considerable 
elevation above the surface of the earth, either in a bal- 
loon, or on mountains, we are made aware, by many 
uneasy sensations, of an insufficient supply of air. The 
barometer, an instrument which informs lii of the weight 
of air incumbent on a given horizontal surface, cpnfirins 
this impression, and affords a direct measure of the rate 
of diminution of the quantity of air whichPa given spacn^. 
includes as we recede from die surface. From its iiu 
dications we Icam, that when we have ascended to die 
height of 1000 feet, we have left below us about one 
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thirtieth of the whole mass of the atmosphere ; — that at 
10,600 feet of perpendicular elevation (which is rather 
less than that of the summit of iKtna*’) we have as. 
cended through about one third; and at 18,000 feet 
(which is nearly that of Cotopaxi) through one half the 
material, or, at least, the ponderable, body of air in cum. 
bent on the earth’s surface. From the progression of 
these numbers," as well as, d priori, from the nature of 
the air itself, which is compremUc, i. e. capable of being 
condensed, or crowded into a smaller space in ])roportion 
to the incumbent pressure, it is easy to see that, altliough 
by rising still higher we should continually get above 
more and more of the air, and so relieve ourselves more 
and more from die pressure with which it weighs upon 
US, yet the amount of this additional relief, or the po/i. 
derahle quantity of air surmounted, would be by no means 
in proportion to the additional height ascended, but in 
constantly decreasing ratio. An easy calculation, how. 
ever, founded on our experimental knowledge of the ^ro- 
pcrtics of air, and the mechanical laws which regulate 
its dilatation and compression, is sufficient to show that, 
at an altitude above tlie surface of the earth not ex. 
ceeding the hundredth part of its diameter, the tenuity, 
or rarefaction, of the air must be so excessive, that 
not only animal life could not subsist, or combustion 
be maintained in it, but that the most delicate means 
we po86e;»s of ascertaining the existence of any air at aU 
would fail to afford die slightest perceptible indications 
of its presence. 

(34.) Laying out of consideration, therefore, at 
present, all nice questions as to the probable existence 
of a definite limit to the atmosphere, beyond which 
there is, abso^tely and rigorously speaking, no air, it is 
dear, that, for all practical purposes, we may speak of 
those regions which are more distant above the earth’s 
surface than Uic hundredth part of its diameter as void 
of air, and of course of doods (which are nothing but 

* The height of iEtiin above the Mediterranean (48 it results Itom a 
barometrical rncosureinent of my own, made in July,lki^ under very ibvour. 
able cirvumstances^B 10,»>72 English feet. 
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visible vapours^ diffused Kadi floating in the air, sustained 
by it, and rendering it turbid as mud does water). It 
seems probable^ from many indications, that the greatest 
lieiglit at which visible clouds ever exiet does not exceed 
ten miles ; at which height the density of the air is about 
an eighth part of what it is at the level of the sea. 

(35.) .We are tlius led to regard the atmosphere of 
air^ with the clouds it supports, as constituting a coating 
of equable or nearly equable thickness, enveloping our 
globe on all sides; or rather as an aerial ocean, of which 
die surface of the sea and land constitutes the bed, and 
whose inferior portions or strata, wdthin a few miles of 
the eartli, contain by far the greater part of the whole 
mass, the density diminishing with extreme rapidity as 
we recede upwards, till, within a very moderate distance 
(such as would be represented by the sixth of an inch 
on the model we have before spoken of, and which is 
piore in proportion to the globe on which it rests, 
than the downy skin of a peach in comparison with the 
fruit within it), all sensible trace of the existence of air 
disappears. 

(36.) Arguments, however, are not wanting to render 
it, if not absolutely certain, at least in the liighest 
degree probable, that tlie surface of the aerial, like that 
of the aqueous ocean, has a real and definite limit, as 
above hinted at ; beyond which there is positively mo 
air, and above which a fresh quantity of air, could it be 
added from without, or carried aloft from below, instead 
of dilating itself indefinitely upwards, would, after a 
certain very enormous but still finite enlargement of 
volume, sink and merge, as water poured into the sea, 
and distribute itself among the mass beneath. With 
the truth of this eonclusion, however, ii^tronomy has 
little concern ; all the effects of the atmosphere in mo. 
difying astronomical phenomena being thcliliBme, whe- 
ther it be anpqposed of definite extent or nfit. 

(37.) Moreover, whichever idea we adopt, it is equally ' 
certain that, within those limits in which it possesses 
any appieciabld density, its constitution i| the some over 
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aJ] paints of the cartirs surface; that is to say^ on 
the great scale^ and leaving out of consideration temporary 
and local causes of derangement, such as winds, and 
great fluctuations, of the nature of waves, which prevail 
in it to an immense extent : in other words, that the law 
of diminution of the air's density as we recede upwards 
from the level of the nea is the same in every column into 
which we may conceive it divided, or from w'hatever point 
of the surface we may set out. It may therefore bo 
considered as consisting of successively superposed strata 
or layers, each of tlie form of a s})herical shell, concen- 
tric with the general surface of the sea and land, and 
each of which is raver y or s]a^cifically liglder, than that 
immediately hcneatli it; and demeVy or specifically 
heavier, than that immediately above it. This kind of 
distribution of its ponderable mass is necessitated by 
the laws of the equilibrium of fluids, whose results 
barometric observations demonstrate to he in pejfeft 
accordance wdth cxjwrience. 

It must be observed, however, that with this dis- 
tribution of its strata the inequalities of mountains 
and valleys have no concern : these exercise no more 
influence in modifying their general spherical figure 
than the inequalities at tlie bottom of the sea interfere 
with the general sphericity of its surface. 

(38.) It is the power whicli air possesses, in common 
with all transparent media, of nfravting the rays of light, 
or bending them out of tlieir straight course, which ren- 
ders a knowledge of .the constitution of the atmosphere 
important to the astronomer. Owing to ^is property, 
objects seen oldiquely through it appear otherwise situ- 
ated than tlic^y would to same spectator, had the 
atmosphere np‘ existence : it thus pjroduces a false im- 
pression respecting their places, wldch must be rectified 
by ascertaining the amount and direction of the displace- 
ment 80 appifi ently produced on each, before we can come 
at a kno^irledge of the true directions in which ihey are 
situated frfpn us at any assigned moment* 

(89.) Suppose a spectator placed at A, any point 
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of the earth’s surface KA/r; and Jet L/, Mm, N w, 
represent the successive strata or layers, of decreasing 
density, into which we may conceive the atmosphere 
to be divided, and which are spherical surfaces concentric 
with KA:, the earth’s surface. Let S represent a star, or 
other heavenly body, beyond the utmost limit of the atmo- 
sphere ; then, if the air were away, the spectator would 
see it in the direction of the straiglu line AS. But, in 
reality, when the ray of light S A reaches the atmosphere, 
suppose at d, it will, by the laws of optics, begin to bend 
downwards, and take a more inclined direction, as d c. 
This bending will at first be imperceptible, owing to the 



extreme tenuity of the uppermost strata ; but as it 
advances downwards, the strata continually increasing 
in density; it will continuaUy undergo greater and greater 
refraction in the same direction ; and thus, instead of 
pursuing the straiglu line S d A, it will d^cribe a curve 
S d c 6 a, continuwy more and more concave down- 
wards, and will reach the earth, not at A, but at a 
certain point nearer to S. 2%ta ray, Consequently, 
will not readi the spectator’s eye. The ray whi^ 
he will see the star is, therefore, not S d A, (put anotbeit 
ray which, had there been no atmosphej^e would have 
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struck the earth at K, a point behind the spectator; 
but which^ being bent by the air into the curve S DC B A> 
actually strikes on A. Now, it is a law of optics, 
that an object is seen in the ilircction which the visual 
ray has at the instant of arriving at the ege, without 
regard to what may have been otherwise its course 
between tlie object and the eye. Hence the star S will 
be seen, not in the direction A S, but in that of A 
a tangent to the curve S DC BA, at A. But because the 
curve described by the refracted ray is concave down- 
wards, the tangent A.y will lie aZ/r/tw A S, the unrcfracted 
ray : consequently the object S will appear more elevated 
above the horizon AH, when seen through the refracting 
atmosphere, than it would appear were there no such atmo- 
sphere. Since, however, the disposition of the strata is 
the same in all directions around A, the visual ray will 
not be made to deviate laterally ^ but will remain con- 
stantly in the same vertical plane, S A(/, passing thryugf^ 
the eye, the object, and the earth's centre. 

(40.) The effect of the air's refraction, then, is to 
raise all the heavenly bodies higher above the horizon in 
appearance tlian they are in reality. Any such body, 
situated actually in the true horizon, will appear attove 
it, or will have some certain apparent altitude (as it is 
called). Nay, even some of those actually l)elow the 
horizon, and which would therefore be invisible but for 
the eflfect of refraction, are, by that effect, raised above 
it and brought into sight. Thus, the sun, when situated 
at P below the true horizon, A H, of the spectator, becomes 
visible to him, as if it stood at p, by the refracted ray 
V qrt K, to which Ap is a tangent. 

(41.) The exact estimation' of the amount of atmo- 
spheric refraclton, or strict determination of the angle 
S A«, by which a celestial object at any assigned altitude, 
H AS, is raised in appearance above its true place, is, un- 
fortunately, i very difficult subject of physical enquiry, 
and one on which geometers (from whom alone we can 
look for any information on the subject) are not yet en- 
tirely agreed. , The difficulty arises from this, that the 
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density of any stratum of air (on ivliieh its refracting 
power depends) is affected not merely by the superin- 
cumbent pressure, but also by its temperature or degree 
of heat. NoWj although we know that as we recede from 
the earth s surface the temperature of the air is constantly 
diminishing, yet the lawy or amount of this diminution at 
different heights, is not yet fuUy ascertained. Moreover, 
the refracting power of air is perceptibly affected by its 
moisture; and this, too, is not the same in every part of an 
aerial column ; neither are we acquainted with the laws 
of its distribution. The consequence of our ignorance on 
these points is to introduce a corresponding degree of un- 
certainty into the detcrinination of the amount of refrac- 
tion, which affects, to a certain appreciable extent, our 
knowledge of several of the most important data of 
astronomy. The uncertainty thus induced is, however, 
confined within such very narrow limits as to be no 
(^soiof embarrassment, except in the most delicate en- 
quiries, and to call for no further allusion in a treatise 
like the present. 

( 42 .) A Table of Refractions,” as it is called, or 
a statement of the amount of apparent displacement 
arising from this cause, at all altitudes, or in every situ- 
ation of a heavenly liody, from the horizon to the zenith 
or point of the sky vertically alwne the spectator, and, under 
all the circumstances in which astronomical observations 
are usually performed which may influence the result, is 
one of the most important and indispensable of all asti'o- 
nomical tables, since it is only by the use of such a table 
wc are enabled to get rid of an illusion which must 
otherwise pervert all our notions respecting the celestial 
motions. Such have been, accordingly, constructed witii 
great care, and are to be found tn ever^ collection of 
astronomr 1 table8.+ Our design, in the present trea- 
tise, will not admit of the introduction of^tafales ; and 
we must, therefore, content ourselves here, and in si- 

* From an Arabic word of this lignUication. 

t Vide ** Requisite Tables robe used with the Nautical Atmanac.*' See 
also Nautical Almanac for 1833, Dr. Pearson’s Astronomical Tables, and 
Mr. Bailyl Astronomical Tables and Formulsai • 
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milar cases^ with referring the reader to works espe- 
cially destined to furnish these useful aids to calculation. 
It is, however^ desirable that he should he&r in mind the 
following general notions of its amount^ and law of 
variation. 

(4.S.) 1st. In the xenith there is no refraction ; a ce- 
lestial object, situatetl vertically over head, is seen in its 
true direction, as if there were no atinosplicrc. 

2(Uy. Ill descending from the rmith to the horizon, 
the refraction continually increases ; objects near the 
horizon ap])earing more elevated by it above their true 
directions than those at a high altitude. 

3(lly. The rato of itilinereasc is nearly in proportion 
to the tangent of the apparent angular distance of the 
ol^ject from the zenith. But this rule, which is not far 
from the truth, at moderate xenith dU'tdurrx^ ceases to 
give correct iNisu Its in the vicinity of the horizon, where 
the law becomes much more complicated in its exprousi^iR. 

4thly. The average amount of refraction, for an object 
half-way iK’tweeii the zenith and horizon, or at an aj)- 
parent altitude of 45®, is about (more exactly 57"), a 
quantity hli;rdiy sensible to tbe naked eye ; but at the 
visible horizon it amounts to no less a quantity than 3!V, 
which is rather more than the greatest ap])arent diameter 
of eitlier the sun or the moon. Hence it follows, that 
when we see the lower edge of the sun or moon just w/i- 
parmtlff resting on the horizon, its whole disk is in reality 
l)elow it, and would he entirely out of sight and con- 
cealed by the convexity of the earth but for the.l)ending 
round it, which the rays of light have undergone in their 
passage through the air, as ailudeil to in art. 40. 

(44.) It Allows from tliis, that one obvious effect 
of refraction^nust be to shorten the duration of night and 
darkness, by actually prolonging the stay of the sun and 
moon above^ the liorizon. But even after they are set, 
the influence of the atmosphere still continues to send 
UB a portion of their light ; ncHt, indeed, by direct trans- 
* mission, but by rtfiection uiwn the vapours, and minute 
solid patticles, which float in it, and, perhaps, also on 
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th€ actual material atoms of the air itself. To understaod 
how thh. takes placc^ we must recollect^ that it is not 
only by the direct light of a luminous object that we 
see, but U)at whatever portion of its light which would 
not otherwise reach our eyes is intercepted in its course, 
and thrown back, or laterally, upon us, becomes to us a 
means of illumination. Such reflective obstacles always 
exist floating in the air. The whole course of a sun- 
beam penetrating through the chink of a windour-shuttcr 
into a dark room is visible as a bright line in the air ; 
and even if it be stifled, or let out through an opposite 
crevice, the light scattered through the apartment, from 
this source is sufficient to prevelfi entire darkness in the 
room. TIic luminous lines occasionally seen in the air, 
in a sky full of partially broken clouds, which the vulgar 
term “ tlie sun drawing w'ater,** are similarly causerl. 
They are sunbeams, through apertures itt^^^slouds, par- 
t^lly^iiiterceptcd and reflected on the dust and vapours 
of the air below. Thus it is with those solar rays which, 
after the sun is itself concealed by the convexity of the 
earth, continue to traverse the higher regions of the at- 
mosphere above our heads, and pass through out of 
it, without directly striking on the earth at all. Some 
portion of them is intercepted and reflected by the float- 
ing particles above mentioned, and thrown back, or la- 
terally, so as to reach us, and afford us that secondary 
illumination, which is twilight. The course of such rays 
will be immediately understood from the annexed figure, 
in which A 11 C D is the earth ; A a point on its sur- 
face, where the sun S is in the act of setting; its last lower 
ray S A M just grazing the surface at A, while its supe- 
rior rays S N, S O, traverse the atmospl^re above A 
wiUiout striking the earth, leaving it finally «t the points 
P Q R, after being more or less bent in passing through 
it. the lower most, the higher less, and that which, like 
S R O, merely grazes the exterior limit of the^tmosphere, 
not at all. Let us cpnsideiE several points. A, B, C, D, each 
more remote tlian the last from A, and each more deeply 
involved in the earth ' b ehadow, which occupies the whole 
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space from A beneath the line A M. Now, A just receives 
the sun's last direct ray, and, liesides, is illuminated hy 



the wliole reflective atmosphere P Q 11 T. It thty;efeic 
receives twilight from the whole sky. The point B, to 
which the sun has set, receives no direct solar lights nor 
any, direct or reflected, from all that part of its vibihle 
atmosphere which is hclo^v A P M ; but from iio lenti- 
cular }K)rtion P 11 X, which is traversed by the sun's lays, 
and which lies above the visible horizon B II of B, it 
receives a twilight, which is strongest at R, the point 
immediately below wiiich the sun is, and fades aw'ay 
gradually towards P, as the luminous part of the atmo- 
sphere thins ofl'. At C, only the last or thinnest portion, 
P Q ^ of the lenticular augment, thus illuminated, lies 
above the horizon, CQ, of that place: here, then, the 
twilight is feeble, and confined to a suiall space in and 
near the horj^on, which the sun has quitted, while at D 
the twilightdias ceased altogether. 

(15.) When the sun is above the horizon, it illu- 
minates the^atinosphere and douds^ and these again dis. 
perse and scatter a portion of its li^t in all directions, so 
as to send some of its rays to every exposed point, from 
every point of the sky. The generally diffused light, there- 
fore, which ire enjoy in the daytime, is a phenomenon 
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originating in the very same causes as the twiliglit. 
Were it not for the reflective and scattering power of 
the atmosphere, no objects would be visible to us out 
of direct sunsliine; every shadow of a passing cloud 
woul<l be pitchy darkness ; the stars would be visible 
all day, and every apartment, into wdiicli the sun had 
not direct admission, would be involved in nocturnal 
obscurity. This scattering action of the atmosphere on 
the solar light, it should be observed, is greatly increased 
by the irregularity of temperature caused by the same 
luminary in its different parts, which, during the day- 
time, throws it into a constant state of undulation, and, 
by thus bringing together masses of air of very unequal 
temperatures, produces partial reflections and refractions 
at their cumrifon boundaries, by which much liglit is 
turned aside from the direct course, and diverted to the 
purposes of general illumination. 

••(4^).) From ihe explanation wc have given, in arts. Sj), 
and 40., of the nature of atmospheric refraction, and the 
mode in which it is produced in the progress of a ray of liglit 
through successive strata, or layers, of the atmosphere, it 
will be Jl^ident, that whenever a ray passes obliquely from 
a higher level to a lower one, or vice versa, its course is* 
not rectilinear, but concave downw'ards ; and of course 
any object seen by means of such a ray, must appear 
deviated^ from its true place, whether that object be, 
like the celestial bodies, entirely beyond the atmos]diere, 
or, like the summits of mountains, seen from the plains, 
or other terrestrial stations, at different levels, seen from 
each other, immersed in it. Every differlknce of level, 
accompanied, as it must be, wdth a difference of den- 
sity in the aerial strata, must also have, aorresponding 
to it, a certain amount of refraction ; le88,^ndeed, than 
what would b^ produced by the vjhole atmosphere, but 
still often of very sl^rpciable, and even ^nsiderable, 
amount. This refrmion between terrestrial aUftions is 
termpd terrestrial refraction, to distinguish it from that 
total effect ^ich is only produced on celestial objects, or 

D 
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such as are beyond the atmosphere^ and which is called 
celestial or astronomical refraction. 

(47.) Another effect of refraction is to distort the 
visible forms and proportions of objects seen near tlic 
horizon. The sun, for instance, wliich, at a consider- 
able altitude, always ajipears round, assumes, as it aj). 
preaches the horizon, a flattened or oval outline; its 
horizontal diameter being visibly greater than that in a 
vertical direction. When very near the horizon, this flat- 
tening is evidently more considerable on tlie lower side 
than on the up])er ; so that the apparent form is neither 
circular nor elliptic, but a species of oval, which de- 
viates more from a circle lielow than above. This sin- 
pfular eflect, wliicb any one may notice in a fine sunset, 
arises IVoiii the rapid rate at which the refraction in- 
creases in approaching the horizon. U'^ere every visible 
}ioint in the sun’s circumference equally raisecl by re- 
fraction, it would still appear circular, though displacefK 
but the lower portions lieing wo; e raised than the upper, 
the vertical diameter is thereby shortened, while the two 
extremities of its horizontal diameter are equally raised, 
and in parallel directions, so that its apparent l#gth re. 
mains the same. The dilated size (generally) of the 
sun or moon, w'hcn seen near the horizon, beyond w'hat 
they appear to have when high up in the sky, has no- 
thing lo do with refraction. It is an illusion of the 
judgment, arising from the terrestrial objects interposed, 
or ]>Iaced in close coiiiparison with them. In that 
situation wc view and judge of them as we do of ter- 
restrial objects — in detail, and vrith an acquired habit 
of attention to parts. Aloft we have no associations to 
guide us, anc^ their insulation in the expanse of sky leads 
us ratlter to undervalue than to over-rate their apparent 
magnitudes. Actual measurement with a proper instru- 
ment correct^ our error, without, hpwever, dispelling our 
illusion. By this we learn, that sun, when just on 
the horizon, subtends at our eyes almost exactly the 
same, and the moon a materially leas angle, than when 
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seen at a great altitude in the sky, owing to the effect of 
what is called parallax, to he explained presently. 

(48.) After what has been said of the small ex. 
tent of the atmosphere in comparison of the mass of 
the earth, we shall have little hesitation in admitting 
those Juminarics which people and adorn the sky, and 
whicli, while they obviously form no part of the earth, 
and receive no support from it, are yet not borne along 
at random like clouds u|K)n the air, nor drifted by the 
winds, to be external to our atmosphere. As such we 
have ronsi<lered them while speaking of their refractions 
— as existing in the immensity of space beyond, and 
situated, perhaps, for any thing we can perceive to the 
contrary, at enormous distanci^s from us and from each 
other. 

( 49 .) Could a .spectator exist unsustained by the 
earth, or any solid suf)port, he would see around him at 
j'icw the whole contents of space — the \isible con- 
stituents of the universe: and, in the absence of any 
means of judging of their distances from him, would 
refer them, in the directions in which they were seen 
from hffi station, to the concave surface of an imaginary 
sphere, having liis eye for a centre, and its surface at 
some vast i tide terminate distance. Perhaps lie might 
judge those which appear to him large and bright, to be 
nearei to him than the smaller and less brilliant;' but, 
independent of other means of judging, he wwld have 
no warrant for this Of^nion, any more than for the idea 
that all were equidistant from him, and rea% arranged on 
such a spherical surface. Nevertheless, there would be no 
impropriety in his referring their places, geometrically 
speaking, to those points of such a pu^ly imaginary 
sphere, which tlicir resjiectivc visual rays intersect; 
and there would be much advantage in so doing, a.s 
by that means their appearance and rela^ve situation 
could be accuratelj|..|)(ieasured, recorded, and mapped 
down. The objects ui a landscape are at every variety 
of distance from the eye, yet we lay them all down in a 
picture on one plane, and at one distanceain their actual 



A TRIdATlBU ON ASl'UONOAIV. 


CJIAP. I. 


;jb’ 

apparent propartmtSi and the likeness is not taxed uitli 
incorrectness^ thoii<rli a man in the foreground should 
be represented huger than a mountain in the distance. 
So it is to a spectator of the heavenly bodies pictured, 
projccledj or ina()ped down on tliat imaginary sphere we 
call the ^/i7/ or heaven. Thus, wc may easily conceive 
that tl)e moon, which appears to uk ns large as the sun, 
though less bright, may owe that a]>parent equality to 
its greater proximity, and may be really much less ; 
while both the moon and sun may only appear larger 
and brighter tliaii the stai'S, on account of the rcinoLciiebs 
of the hitter. 

(50.) A spectator on the earil/s surface is pre- 
venteil, by the great mass on which he stands, from 
seeing into all that portion of sjnee wliicli is lielow 
him, or to s>ee ^^hich he must look in any degree down- 
wards. It is true that, if his place of observation be 
at a great elevation, the dip of the horizon will lying 
within the scope of vision a little moic than a liemi- 
.sphere, and refraction, wliercver he may be siinated, 
will enable him to look, as it w^ere, a little round the 
corner; hut the zone thus added to his visual range 
can hardly ever, unless in \ery extraordinary circum- 
stances exceed a couple of degrees in breadth, and is 
always ill seen on account of the vapours near the 
horizon. Unless, then, by a change of his geographical 
situation, he should .shift his horizon (which is aUays 
a plane touching the spherical convexity of the earth at 
his station ) ; or unless, by some movements jiroper to 
the heavenly bodies, they should of themselves conic 
above his horizon ; or, lastly, unless, by some rotation 
of the earth jtsclf on its centre, the point of its surface 

• Such as the foViowiiif;, for instance 'I’he late Mr. S.iillcr, the cclclirated 
nlfrunaut, ascondetl in a halliion tVoni Dublin at abnut i' o’cliH'k in the 
ancniooti, and w.'is wal'ttHl acrus^ the channel. About aiiii'ict he ap. 
proachnl the Kii)ih«h roabt, when the balloun flettceiidcd near the nurface 
of the sea. 11/ thi.« time the aun was set, and the shades of evening 
begad to rloAc in. He threw out nearly ail hia ballast, and suddenly 
sprung upwards to a great height, and by so doing witnessed the whole 
phciiomeiinn of a n''sti‘rn sunrise He suhsoqucntly dcsrendi'il in Wales, 
and witJiesst'd a secund ^un^et on the s.iinc cvt'iiiiig. 1 have this auet*dotf 
ftwm Dr. Lardoer, wlm was [iresent at his ascent, and read his own a*'Couiit 
uf the voyage— jK/Aor. 



CHAP. I. CHANGE OP LOCAL SITUATION. 5? 

which he occupies should be carried round, and pre- 
sented towards a different region of space ; he w'ould 
never obtain a sight of almost one half the ohjectp 
external to our atmosphere. But if any of these cases 
bo suppose<l, more, or all, may come into view according 
to the circumstances. 

(51.) A traveller, for example, sliifting his lo- 
cality on our globe, will obtain a view of celestial olj- 
jeets invisible* from his original station, in a way which 
may be not inaptly illustrated by comparing him to a 
person standing in a park close to a large tree. The 
massive obstacle presented by its truiik cuts off his view 
of all those parts of the landscape which it occupies as 
an object; but by walking round it a complete succes- 
sive view of the whole panorama may be obtained. Just 
in the same way, if we set off from any station, as 
London, and travel south warrls, we shall not fail to 
that i!iany celestial objects whicli are never |ecn 
from London come suecessi\clY into view, as if rising 
up above the horizon, night after night, from the south, 
althougli if is in reality our horizon, which, travelling 
with us southwards round the sphere, sinks in succcs. 
sioR beneath them. The novelty and splendour of |resh 



constellations thus gradually brought into view in the 
clear calm nights of tropical cBmates, in Ihng voyages to 
D 3 
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the souths is dwelt upon by all who have enjoyed tliis 
spectacle, and never fails to impress itself on the recol- 
lection among the most delightful and interesting of the 
associations connected with extensive travel. A glance 
at the accompanying figure, exliibiting three successive 
stations of a traveller. A, B, C, with Uie horizon cor- 
responding to each, will place this process in clearer 
evidence than any description. 

(5i2.) Again: suppose the e4rth itself to have a 
motion of rotalioi\ on its centre. It is evident that a 
spectator at rest (as it appears to him) on any i)art of 
it will, unperceived by Ijimself, be carried round with 
it : unperceived, wo say, because his horizon will con- 
stantly contain, and be limited ^by, the same terrestrial 
objects. He will have the same landscape constantly 
before his eyes, in which all i^he familiar objects in it, 
w'hich serve him for landmarks and directions, retain, 
with respect to himself or to each other, the same ifta 
variable situations. The j>erfect smoothness and equality 
of the motion of so vast a mass, in which every object 
he sees around him participates alike, will (art. 15.) 
prevent his entertaining any suspicion of his actual 
change of place. Yet, with respect to external objects,— 
that is to say, all celestial ones which do not participate 
in the supposed rotation of the earth, — his horizon will 
have been all the while shifting in its relation to them, 
precisely as in the case of our traveller in the foregoing 
article. Recurring to the figure of that article, it is 
evidently the same thing, so far as their visibility is 
concerned, whether he has been carried by the earth's 
rotation successively into the situations A, B, C ; or 
whether, the earth remaining at rest, he has transferred 
himself peribnally along its surface to those stations. 
Our spectator in the park will obtain precisely the same 
view of the^landscape, whether be w^k round th^ tree, 
or whether we suppose it sawed off, and made to turn 
pn an upright pivot, while he stands on a projecting 
step attached to it, and allows himself to be carried round 
by its motion! The only difference will be in his view 
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of the tree itself, of, Which, in the former case, he will 
see every part, hut, in the latter, only that portion of it 
which remains constantly opposite to him, and im- 
mediately under his eye. 

(.OiJ.) By such a rotation of the earth, then, as 
we have supposed, the horizon of a stationary spectator 
will be constantly depressing itself below those objects 
which lie in that region of space towards which the 
rotation is carryingdljSin, and elevating itself above those 
in the opposite quarter ; admitting into view the former, 
and successively hiding the latter. * As the horizon of 
every such spectator, however, a[)pears io him motionless, 
all such changes will lie referred by him to a motion in 
the objects themselves so successively disclosed and 
concealed. In plaiQjSvIl his horizon approaching the 
stars, therefore, he wiU^udge the stars to approach hia 
horizon ; and when it passes over and hides any of them, 
J%e consider them as iiaving sunk below it, or sei ; 
while those it has just disclosed, and from which it is 
receding, will seem to be rising above it. 

(54.) If we suppose this rotation of the earth to 
continue in one and the same direction, — that is to say, 
to be performed round one and the same till it haa 
completed an entire revolution, and come back to the 
position from which it set out when the spectato* began 
his observations, — it is manifest that every thing will 
then be in precisely the same relative position as at the 
outset: all the heavenly bodies will appear to occupy 
the same places in the concave of the sky which they 
did at that instant, except such as may have actually 
moved in the interim \ and if the rotation still continue, 
the same phenomena of their successive ^sing and set. 
ting, and return to the same places, will continue to 
be repeated in the jame order, and (if the velocity of 
rotal^B be uniform) in equal intervalB of time, ad %n» 

(55.) Now, in this we have a lively picture of that 
grand phenomenon, the most important beyond all 
cumparison which nature presents, the daily rising and 

D 4r 
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setting of tlie sun and stars^ tlieir progress tlirougli the 
' vault of the heavens, and their return to the same ap- 
parent places at the same hours of tlie day and ni^t. 
The accomplishment of this restoration in the regular 
interval of twenty-four hours is tfie first instance we 
encounter of that great law of periodicitp*, which, as we 
shall see, pervades all astronomy ; by which expression 
we understand the continual reproduction of the same 
phenomena, in the same order, at equal intervals of time. 

(5f),) A free rotation of the earth round its cen- 
tre, if it exist «and be performed in consonance W'ith the 
same mechanical laws which obtain in the motions of 
masses of matter under our immediate control, and 
within our ordinary experience, must be such as to 
satisfy two essential conditions. It must be invariable 
In its direction with resjjecf to the sphere itself ^ and uni- 
form in its velocity. TSl|^tatioii must be performed 
round an axis or diametel^f the sphere, whose polfs w 
extremities, where it meets the surface, correspond always 
to the same points on the sphere. Modes of rotation 
of a solid body under the influence of external agency 
are conceivable, in which the poles of the imaginary 
line or axis about which it is at any moment revolving 
shall hold no fixed places on the surface, but shift upon 
it eveijj^, moment. Such changes, however, are incon- 
sistent ^vith the idea of a rotation of a body of regular 
figure about its axis of symmetry, performed in free 
space, and without resistance or obstruction from any 
surrounding medium. The complete absence of such 
obstructions draws with it, of necessity, 'niiie strict ful- 
filment of the two conditions above mentioned. 

(57.) Now^ these conditions are in perfect accord- 
ance with whet we observe, and what recorded observ- 
ation teaches us, in respect of the diarnal motions of the 
heavenly bodies. ^ We have no reason to believe, from 
history/^at any sensible change has taken place since 
the earliest ages in the interval of time elapsing between 
two successive returns of th^lioie star to the same 
* llfe/aSCf Agoing round, a cirBlpMm or revolution. 
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point of the sky ; or, rather, it is demonstrable from 
astronomical records that no such change has taken 
plaol. And with respect to the other condition, — the 
permanenee of the axis of rotation, — the appearances 
which any alteration in that respect must produce, 
would be marked, as we shall presently sliow, by a 
corresponding change of a very obvious kind in the 
apparent motions of the stars; which, agaui, history 
decidedly declares them not to have undergone. 

(58.) But, before we proceed to examine more in 
detail how the hypothesis of the rotation- of the eartli 
about an axis accords with the phenomena wl’iich tlie 
diurnal motion of the heavenly l)odics offers to our 
notice, it will ho i)ropcr to describe, with precision, in 
what that diurnal motion consists, and how far it k 
j>articipatod in by them all; or whether any of tlicm 
form exceptions, wholly or .fprtially, to the common * 
ar^Jofsy of the rest. Wc wi% therefore, suppose the 
reader to station himself, on a cleiir evening, just after 
sunset, when the first stars liegin to appear, in some 
open situation whence a good general view of the 
heavens can he obtained. He will then perceive, above 
and around him, as it were, a vast concave hemispherical 
vault, beset with stars of various magnitudeti; of which 
the brightest only will first catch his attention the 
twilight ; and more and more will appear as the dark, 
ness increases, till the whole sky is over.spangIed with 
them. When he has awhile admired the edm mag- 
nificence of this glorious spectacle, the theme of so 
much song, and^of so much thought, — a spectacle which 
no one can viepr without emotion, and without a long, 
ing desire to know something of its nature and purport, 
— let him fix his attention more particular^ on a few 
of the most briUiant stars, such as he cannot fail to re- 
cognise again without mistake after looking away from 
them fox some time, and let him refer «iheir appare&situ. 
ationa to some surrouiiding objects, as buildings, trees, 
&e.^, sdeedng purposeM||A as ere in different quarters 
of his htirizon.* On wii|»aring them agai§L wi^ their 
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respective points of reference, after a moderate interval, 
as the night advances, he will not fail to perceive that 
they have changed their places, and advanced, as by a 
general movement^ in a westward direction ; those to- 
wards the eastern .iguarter appearing to rise or recede 
from the horizon, while those which lie towards the 
west will be seen to approach it ; and, if watched long 
enough, will, for the most part, finaUy sink beneath it, 
and disappear ; wliile others, in the eastern quarter, will 
be seen to rise as if out of the earth, and, joining in the 
general procession, will take their course with the rest 
tow'ards the opposite quarter. 

If he persists for a considerable time in watch- 
ing their motions, on the same or on several succcs. 
aive nights, he will i)erceive that each star appears to 
dcscrihc, as far as its course lies above the horizon, a 
circle in the sky ; that the circles so described are not 
of the same magnitude for all the stars ; and tha^ tl^se 
descril)ed by different stars differ greatly in respect of 
the parts of them which lie above the horizon. Some, 
which lie tow'ards the quarter of the horizon which is 
denominated the South only remain for a short time 
above it, and disappear, after describing in sight only the 
small upper segment of their diurnal circle ; others, 
wliich rise between the south and cast, describe larger 
segments of their circles above the horizon, remain pro- 
portionally longer in sight, and set precisely as fSar to the 
westward of south as they rose to the castwal;0 ; while 
such as rise exactly in the east remain twelve 
hours visible, describe a semicircle, and set exactly in the 
west. M^ith those, again, which rise between the east 
and north, tlir same law o^||jBdns ; at least, as far as regards 
the time ofe^their remaining above the horizon, and the 
proportion of the visible figment of their diurnal circles 
to their whole circumferences. Both go on increasing ; 
they remain in view more than twelve hours, a^ their 
visible diurnal arct are more than semicirdes. But the 

* We suppose our observer to be stiiuoned in sons: northern Utitude: 
somewhere in Evrope, for example. 
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magnitudes of the circles themselves diminish, as we 
go from the east, northward ; the greatest of aU tlie circles 
being described by those which ri0^ exactly in the east 
point. Carrying his eye farther |l^rflrwlii.rd8,hc will notice, 
at length, stars which, in their flf^al motion, just graze 
tile horizon at its north point, or only dip below it for a 
moment ; while others never reach it at all, but continue 
always above it, revolving in entire circles round one 
POINT called the pole, which appears to be die common 
centre of all their motions, and which alone, in the wliole 
heavens, may be considered immoveable. Not that tliis 
point is marked by any star. It is a purely imaginary 
centre ; but there is near it one considerably bright star, 
called the Pole Star, which is easily recognized by the very 
small circle it describes ; so small, indeed, that, without 
jiaying particular attention, and referring its position very 
nicely to some fixed mark, it may easily be supposed at 
rd!ll, be, itself, mistaken for the common centre about 
which all the others in that region describe their circles ; 
or it may be known by its configuration with a very 
splendid and remarkable constellation or group of stars, 
called by astronomers the (yreat Bear. 

(do.) He will further observe that the apparent 
relative situations of all the stars among one anoUi^r is 
not changed by their diurnal motion. In whatever parts 
of their circles they are observed, or at whatever hour 
of the night, they form with each other the same iden- 
tical groups or configurations, to which the name of 
coNSTELiiSkiTioNs lias been given. It is true, that, in 
diiierent parts of their course, these groups stand dif- 
ferently with respect to the horizon ; and those towards 
tile north, when in the coutie of their diurnal move, 
ment ^y pass alternately above and below that common 
centre of motion described in the last artide, become 
actually inverted with respect to the horizon, while, on 
the other hand, they always turn the same points to- 
wards the pole. In short, he wilT perceive that the 
whole assemblage of stjus visible at once, or in succession, 
in the heavens, may he regarded as one gt^t constella- 
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tion, which seems to revolve with a uniform motion, as if 
it formed one coherent mass ; or as if it were attached 
to the internal surface of a vast hollow sphere, having 
the earth, or rather the spectator, in its centre, and turn- 
ing round an axis inclined to his horizon, so as to pass 
through that fixed point or pok already mentioned. 

(f)l.) Lastly, he will notice, if he have patience to 
outwatch a long winter's night, comincneing at the ear- 
liest moment when the stars ai^pcar, and continuing till 
raorniiig twilight, that those stars which he observed 
setting in the west have again risen in the east, while 
those which were rising when he tirst began to notice 
them have coraplclod their course, and arc now set; and 
that thus the hemisphere, or a great part of it, which was 
then above, is now beneath him, and its place supplied 
by that which was at first under his feet, wdiicli he will 
thus discover to be no less copiously furnished with stars 
than the other, and bespangled with groups no leas per- 
manent and distinctly recognizable. 'Flms he will learn 
that the great constellation we have above spoken of as 
revolving round the pole is co-extensive with the whole 
surface of tin* sphere, being in reality nothing less than 
a universe of luminaries surrounding the earth on all 
sides, and brought in succession before his view, and 
referred (each luminary according to its own visual ray 
or direction from his eye) to the imaginary spherical 
surface, of which he himself occupies the centre. (See 
art. 49.) 

( 6 ’ 2 .) There is, however, one portion or segment 
of this sphere of which he will not thus obtain a view. 
As there is a segment towards the north, adjacent to the 
pole above his horizon, in ‘whicli the stars never set, so 
there is a* corresponding segment, about which the 
smaller circles of tlie more southern stars are described, 
in which i^y never rise. The stars which border upon 
the extreme circuinference of this segment just graze the 
Boutliern point of nis horizon, and show themselves for 
a few moments above it, precisely as tliose near the cir- 
cumference •£ the northern segment graze his northern 
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horizon, and dip for a moment below it, to re-appear im- 
mediately. Every point in a spherical surface has, of 
coui'se, another diametrically opi)ositc to it ; and as the 
spectator’s horizon divides his sphere into two hemi- 
spheres — a superior and inferior — tlierc must of necessity 
exist a depressed pole to the south, con esponding to the 
elevated one to the north, and a portion surrounding 
it, jierpetually beneath, as there is another surrounding 
the north pole, perpetually above it. 

" Hie \crtcx iiobiiS b'cmpcr subliinis; at ilium 
Subpuilibufl nox atra videt, maiieoque profundi. ’’—ViROiu 

Oiip polo ritlo!* liiKli, one, plunged beneath the main, 

Seeks the deep night, and Pluto's dusky reign. 

(63.) To get sight of this segment, he must travel 
southwards. In so doing, a new set of phenomena come 
forward. In proportion as he advances to the soutli, some 
of those constellations which, at his original station, barely 
graaed^the northern horizon, will be observed to sink 
below it and set ; at first remaining hid only for a very 
short time, but gradually for a longer part of the twenty- 
four hours. They will continue, however, to circulate 
about the same point — that is, holding the same inva- 
riable position with respect to them in the concave of 
the heavens among the stars ; but this point itself will 
become gradually depressed with respect to the spetfta- 
tor s horizon. The axis, in short, about which the di- 
urnal motion is performed, will appear to have become 
continually less and less inclined to the horizon ; and 
by the same degrees as the northern pole is depressed 
the southern will rise, and constellations surrounding it 
will come into view ; at first momentarily, but by de- 
grees for longer and longer times in each diurnal revo- 
lution — realizing, in short, what we have a^Seady stated 
in art 51. 

(64.) If he travel continually southwards, he will 
at lengdi reach a line on the earth’s surface* called the 
equator^ at any point of which, indifferently, if he take 
up his station and recommence his observations, he will 
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find tlmt he has both the centres of diurnal motion in his 
horizon j occupying opposite points, the northeni Pole 
having been depressed, and the southern raised ; so that, 
in tliis geographical position, the diurnal rotation of the 
heavens will appear to him to be performed about a 
horizontHl axis, every star describing half its diurnal 
circle above and half beneath his horizon, remaining id- 
ternately visible for twelve hours, and concealed during 
the same interval. In this situation, no ])art of the 
heavens is concealed from his Kuveeuire view. In a 
night of twelve hours (supposing such a continuance of 
darkness possible at the equator) the whole sphere will 
have passed in review over him — the whole hemisphere 
with which he began his night's observation will have 
been carried down beneath him, and the entire opposite 
one brought up from below. 

(65.) If he pass the equator, and travel still far- 
ther southwards, the southern pole of the heavc^is #t'ill 
become elevated above his horizoti, and the northern 
•ny^l sink below it; and the more, the farther he advances 
southwards; and when arrived at a station as far to 
the south of the equator as that from which he started 
was to the north, he will find the whole phenomena of 
the heavens reversed. The stars which at his original 
station (ic.scribed their whole diurnal circles above his 
horizon, and never set, now describe them entirely below 
it, and never rise, but remain constantly invisible to him ; 
and, vice versd, those stars which at his former station he 
never saw, he will now never cease to see. 

(66.) Finally, if, instead of advancing southwards 
from his first station, he travel northwards, he will ob- 
serve tlie northern pole of the heavens to become more 
elevated abofve his horizon, and the southern more <lc- 
pressed below it. In consequence, his hemisphere wdll 
present a Iqps variety of stars, because a greater propor- 
tion of the whole surface of the heavens remains con- 
stantly visible or constantly invisible: the circle described 
by each star, too, becomes more nearly parallel to the 
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horizon ; anti, in short, every appearance leads to sui). 
pose that could he travel far enough to the north, he 
would at length attain a point wrtically under the 
northern pole of the heavens, at which none of the stars 
would either rise or set, but each would circulate round 
the horizon hi circles parallel to it. Many endeavours 
have been made to reach this point, which is called the 
north pole of the earth, but hitherto without success ; a 
barrier of almost insurmountable difficulty being pre- 
sented by the increasing rigour of the climate: but a 
very near approach to it has been made; and the pheno- 
mena of those regions, though not precisely such as we 
have described as what must subsist at the pole itself, 
have proved to be in exact correspondence with its near 
proximity. A similar remark applies to the south pole 
of the earth, tvhich, however, is more unapproachable, or, 
at least, has been less nearly approached, than the north. 

The above is an account of the phenomena 
of the diurnal motion of the stars, as modified by dif- 
ferent geographical situations, not grounded on any spje 
dilation, but actually observed and recorded by travellers 
and voyagers. It is, however, in complete accordance 
with the hypothesis of a rotation of the earth round a 
fixed axis. In order to show this, however, it will be 
necessary to premise a few observations on the appear- 
ances presented by an assemblage of remote objects, w'hen 
viewed frotn different parts of a small and circumscribed 
station. 

(()8.) Imagine a landscape, in which a great mul- 
titude of objects are placed at every variety of distance 
from the beholder. If he shift his point of view, though 
but for a few paces, he will perceive a very great change 
in the apparent positions of the nearer Ejects, both 
with respect to himself and to each other. If he ad- 
vance northwards, for instance, near objects gn his ri^ 
and left, which were, therefore, to the east and wesf ^ 
his original station, will be left behind him^ and ap- 
pear to have receded southwards ; some, which covered 
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each other at firsts will appear to separate^ and others to 
approach, and perhaps conceal each other, llcmote 
objects, on tlie contrary, will exhibit no such great and 
remarkable changes of relative position. An object to the 
east of liis original station, at a mile or two distance, will 
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still be referred by him to the east point of bis horizon, 
with hardly any perceptible deviation. The reason of this 
is, that the position of every object is refened by us to 
the surface of an imaginary sphere of an indefinite^- 
dius, having our eye for its centre ; and, as we ad>ance 
in any direction, A B, carrying this imaginary sj)liere 
along with us, the visual rays A P, A Q, by whicli 
objects are referred to its surface (at C, for instance), 
shift their positions with respect to the line in which 
we move, A B, which serves as an axis or line of re- 
ference, i^d assume new positions, B P p, B Q 9, re- 
volving rotmd their respective objects as centres. Their 
mtersections, therefore, p, q, with our visual sphere, 
:^ppcar to recede on its surface, but with different 
of angular velocity in proportion to their proxi- 
^^y; the same distance of advance A B subtending 
a greater angle, A P B = c Pp, at the near object P than 
at the remotjp one Q. 

(690 This apparent angular motion of an object 
on our sphere of vision^, arising from a change of our 

* Tlie ideal s^ero xvithnut ufl, to which we refet the placet of objects, and 
which we cnrrjr along with us wherever we go, Is no doubt intimately con. 
neeted by association, if not entirely dependent on that obscure perce])tlon 
of sensation in tho retins of our eyes, of which, even when clos^ and un. 
excited, we cannot entirely invest them. We hi^ a real splierical surface 
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point of view^ is called parallax, and it is always ex- 
pressed by the angle BAP subtended at tlie object P 
by a line joining the two points of view A B under 
consideration. For it is evident that the difference of 
angular position of P, with respect to the invariable 
direction A B D, when viewetl from A and from B, is 
the difference of the two angles D B P and DAP; nOWj 
D B P being the exterior angle of the triangle^ A B j^is 
equal to the sum of the interior and opposite, D B P = 
DAP + APB, whenceDBP — DAP = APB. 

(70.) It follows from this, that the amount of pa- 
rallactic motion arising from any given change of our 
point of view is, cteteris paribus, less, as the distance of 
an object viewed is greater ; and wheii that distance 
is extremely great in comparison with the change in our 
point of view, the parallax becomes insensible ; or, in 
other words, objects do not appear to vary in situation 
aA«alb It is on this principle, that in alpine regions 
visited for tlie first time we are surpriseil and confound- 
ed at the little progress we appear to make by a con- 
siderable change of })lace. An hours walk, for instance, 
produces but a small parallactic change in the relative 
situations of the vast and distant masses which surround 
us. Whether we walk round a circle of a hundred yards 
in diameter, or merely turn ourselves round ^ its centre, 
the distant ])anorama presents almost exaci^ the same 
aspect, — we hardly seem to have changed our poin^;d£ 
view. 

(71«) Wliatever notion, in other respects, we 
form of the stars, it is quite clear they must be 
mensely distant. Were it not so, the apparent angular 


within our eyed, the teat oftentatiun and vision, correi^nding, point for 
|iomt, to the external q)bcrc. On this the atari, &c. are really mapped 
down, ai we have luppi^ them In the text to be, on the imaginary concave 
oi* the heavens. W hen the whole surface of the retina iuxcited by Bght, 
habit leadM u« to associate it with the idea of a real siirfara cxistidg with- 
out us. Thus we become impressed with the notion of a sky and a neaven, 
but the concave surlkce of the retina itself is the true seat ot‘ all mtiblc 
angular dimension and angular motion. The substitution of the rrt^ for 
the AcaMnf ijwould be awkward and inconvenient in language, but it may 
always be mentally nude. (Sec Scbillcr*fi pretty enigma on the eye in Im 
TurandotO * 
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interval between any two of them seen over head would 
be much greater tliun when seen near the horizon, and 
the constellations, instead of preserving the same appear- 
ances and dimensions during their whole diurnal course, 
would appear to enlarge as they rise higher in the sky, 
as we see a small cloud in the horizon swell into a 
great overshadowing canopy ivhen drifted by the wind 
across our zenith, or as may be seen in the annexed 
figure, where a 5, A B, a 5, arc three different positions 



of the same stars, as they would, if near the earth, be seen 
from a spectator S, under the visual angles a S 5, A S H. 
No such change of apparent dimension, liowever, is ob- 
served. The nicest measurements of the apparent angular 
distance of any two stars inter ee, taken in any parts of 
{heir diurnal course, (after allowing for the unequal 
eSects of refraction, or when taken at such times chat 
this cause of distortion shall act equally on both,) mani- 
fest not the slightest perceptible variation. Not only 
this, but at whatever point of the earth’s surface the 
measurement is performed^ the results are absolutely 
identical No instruments ever yet invented by man are 
delicate enough to indicate, by an increase or diminution 
of the anglqf subtended, that one point of the earth is 
nearer to or further from the stars than another. 

/ (72*) The necessary conclusion from this is, that 
the^dimensiSns of the earth, large as it is, are compa- 
rati^ly nothing, absolutely imperceptible, when ccun- 
par^ w'ith tlie interval which separates from 

the earth. 1/ an observer walk round s cird^^t more 
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than a few yards in diameter, and from difFereut points 
in its circumference measure with a sextant, or other 
more exact instrument adapted for the purpose, the 
angles PAQ, PBQ, PCQ, subtended at those stations 
by two well defined points in his visible horizon, PQ, 


o 



he will at once be advertised, by llie tliffercnce of the re- 
sults, of his change of distance from them arising from 
his change of place, although that difference may be so 
small as to produce no change in their general aspect 
to his unassisted sight. This is one of the innumerable 
instances where a^'curate measurement obtained by 
instrumental means places us in a totally diflPerent ^ito^ 
ation in respect to matters of fact, and conclusions 
thence deducible, from what we should hold, were w'e 
to rely in all cases on the mere judgment of the eye. 
To so great a nicety have such observations been ca®^ 
Tied by the aid of an instrument called a theodolite, 
that a circle of the diameter above mentioned may thus 
be rendered sensible, may thus be detected to have d 
size, and an ascertainable place, by referenie to objects 
distant by fully 100,000 times its own dimensions^ 
Observations, differing, it is true, soroewha^in method, 
but identical in principle, and executed with nearly 
as much exactness, have been applied to the stars, land 
with a Ti^t such as has been already stated. Hence 
it follovi^ inconttovertibly, that the distance of the 
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stars from the earth cannot be so small as 100^000 of 
the earth’s diameters. It is^ indeed, incomparably 
greater; for we shall hereafter find it fully demon- 
strated tliat the distance just named, immense as it 
may appear, is yet much under.rated. 

(73.) From such a distance, to a spectator with our 
faculties, and furnished with our instruments, the earth 
would he imperceptible ; and, reciprocally, an object of 
the earth’s size, placed at the distance of the stars, 
would be equally undisccrnihlc. If, therefore, at the 
point on which a spectator stands, we draw a jilane 
touching tine globe, and prolong it in imagination till 
it attain the region of the stars, and through the 
centre of the earth conceive another plane parallel to 
the former, and co-extensive with it, to pass ; these, 
although separated throughout their whole extent by 
the same interval, viz. a seinidiameter of the earth, will 
yet, on account of the vast distance at which that inWi- 
val is seen, be confounded together, and undistinguish- 
from each other in the region of the stars, when 
-^ewed by a spectator on the earth, 'fhe zone they 
there include will be of evanescent breadth to his eye, 
and will only mark out a great circle in the heavens, 
which, like the vanishing point in perspective to which 
ail parallel lines in a picture appear to converge, is, in 
fact, tlie vanishing line to which all planes parallel to the 
horizon offer a similar appearance of ultimate convergence 
in the great panorama of nature. 

(74.) The two planes just described are termed, 
in astronomy, the semUtk and rational horizon of the 
observer’s station ; and die great circle in the heavens 
which mark^ their vanishing line, is also spoken of as a 
circle of theiaphere, under the name p£ |||e celestial Imu 
ton, or simply the horizon. T 

From w^t has been said (art. j^.) of the distance 
of the stars, it foUows, that if we supfibse a spectator 
at die centre of the earth to have his view bounded by 
the rational horizon, in the same manner aa. that of a 
corresponding spectator on the surface is l^kis sensible 
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horizon^ the two observers will see the same stars in the 
same relative situations^ each beholding that entire 
hemisphere of the heavens which is above the celestial 
horizon, corresponding to their common zenith. 

(75.) Now, BO far as appearances go, it is clearly 
the same tiling whether the heavens, that is, all space, 
with its contents, revolve round a spectator at rest in 
the earth's centre, or whether that spectator simply turn 
round in the opposite direction in his place, and view 
them in succession. The aspect of the heavens, at 
every instant, as referrexl to his horizon (which must 
be supposed to turn with him), will be the same in 
botli suppositions. And since, as has been shown, ap. 
pearances are also, so far as the stars are concerned, the 
same to a spectator on the surface as to one at the centre, 
it follows that, whether we suppose the heavens to re- 
volve without the earth, or the earth within the heavens, 
irMhmopposite direction, the diurnal plienomena, to all 
its inhabitants, will be no W'ay different. 

( 76 *) The Copernican astronomy adopts the lattaiv 
as the true explanation of these phenomena, avoiding' 
tlicreby the necessity of otherwise resorting to the cum- 
brous mechanism of a solid but invisible sphere, to 
which the stars must be supposed attached, in order that 
they may be carried round the earth without derange- 
ment of their relative situations inter se. Such a con- 
trivance would, indeed, suffice to explain the diurnal 
revolution of the stars, so as to save appearances 
but the movements of the sun and moon, as well as those 
of the planets, are incompatible with such a supposition, 
S8 will appear when we come to treat of these bodies. 
On the other hand, that a spherical massif moderate 
dimensions, (or, rather, when compared wtth the sur- 
rounding and visible universe, of evanescent magnitude,) 
held by no tie, andt'^ree to move and to revolve, should 
do so, in conformity with those general laws which, 
so &r as we know, regulate the motions of all material 
bodies, is^sp far from being a postulate difficuls to be 
conceded/ that the wonder would rather He should the 
E 3 
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fact prove otherwise. As a postulate^ therefore^ we 
shall henceforth regard it ; and is, in the progress of 
our work^ analogies offer themselves in its support from 
what we observe of other celestial bodies, we shall not 
fail to point them out to the reader's notice. Mean, 
while, it will be proper to define a variety of terms 
which will be continu^y employed hereafter. 

(77.) Definition 1. The of the earth is that 
"diameter about which it revolves, with a uniform mo- 
tion, /row to east ; performing one revolution in 
the interval which elapses between any star leaving a 
certain point in the heavens, and returning to the same 
point again. 

' (78.) Def. 2. The poles of the earth are die points 
where its axis meets its surface. The North Pole is that 
nearest to Europe; the South Pole that most remote 
from it. 

(79.) Def. 3. The sphere of the heavens, or >he 
sphere of the stars, is an imaginary spherical sur- 
'%ce, of infinite radius, and having the centre of the 
earth, or, which comes to the very same thing, the eye 
of any spectator on its surface, for its centre. Every 
point in this sphere may be regarded as the vanishing 
point of a system of lines parallel to that radius of the 
sphere which passes tlirough it, seen in perspective from 
the earth ; and any great circle on it, as the vanishing 
line of a system of planes parallel to its own. This 
mode of conceiving such points and circles has great 
advantages in a variety of cases. 

(SO.) Def. 4. Tbe itmilh and nadir * are the 
two points of the sphere of the heavens, vertically 
over a spectator’s head, and vertically under bis feet ; 
tliey are, therefore, the vanishing points ofj|dl lines 
rnathmaticMy parallel to the direo^ of a p&b.line 
at his statiop. The plambJine ili|P k, at every point 
of the earth, perpendicular to its s^erical surface : at 
no two stations, therefore, can the actual directions of 

« Prom Arabic words. Nadir eorrMponds evidently to tbe Oemian 
SMff(dowii). i . IT- jr vensaii 
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two plumb-lines be regarded as mathematically parallel. 
They converge towards the centre of the earth : hut for 
very small intervals (as in the area of a building — in 
one and the same town^ &c.) the difference from exact 
parallelism is so small^ that it may he practically dis- 
regarded. ' An interval of a mile corresponds to a con- 
vergence of plumb-lines amounting to about 1 minute. 
The zenith and nadir are the poles of the celestial ho- 
rizon ; that is to say^ points 90 *^ distant from every 
point in it. The celestial horison itself is the vanish- 
ing line of a system of planes parallel to the sensible 
and rational horizon. 

(81.) Djsf. 5. Vertical circles of the sphere are 
great circles passing through the zenith and nadir,>^r 
great circles perpendicular to the horizon. On these 
are measured the altitudes of objects above the horizon 
— the complements to which are their zenith dislance^\ 
Dep. 6. The poles of the heavens are the 
points of the sphere to which the earth's axis is di- 
rected; or the vanishing points of all lines paraffijj^^ 
thereto. 

(8.*!.) Def. 7* The earth*s equator is a great 
circle on its surface, equidistant from its poles, di. 
vidjng it into two hemispheres — a northern and a 
southern ; in the midst of which are situated thft re- 
spective poles of the earth of those names. The plane 
of the equator is, therefore, a plane perpendicular to the 
earth's axis, and passing through its centre. The ce- 
lestial equator is a great circle of the heavens, marked 
out by the indefinite exteniion of the plane of the ter- 
restrial, and is the vanishing line of all planes parallel 
to it. This circle is called by astronomgrs the equi- 
noctial. ^ t 

(84.) Def. 8. T^e terrestrial meridian of a station 
on the earth's ^|iiface is a great cirde passing 
through both the ;^les and through the place. When 
its plane is prolonged to the sphere of the heavens, it 
marks out the celestial meridian of a spectator stationq^ 
At that place. When we speak of ^e meridian of a 
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spectator^ we intend the celestial meridian^ whicli is a 
vertical circle passing through the poles of the heavens. 

The plane of the meridian is the plane of this circle^ 
and its intersection with the sensible horizon of the 
spectator is called a meridian line, and marks the north 
and south points of his horizon. 

(8^.) Dkf. 9- Azimuth is the angular distance 
of a celestial object from the north or south point of 
the horizon (according as it is the north nr south pole 
which is elevated), when the object is referred to the ho- 
rizon^ a vertical circle; or it is tJie angle comprised 
between two vertical planes — one passing through the 
elevated |)ole, the other through the object. The altitude 
and azimuth of an object being known^ therefore^ its place 
in the visible heavens is determined. For their simul- 
taniijMs measurement^ a peculiar instrument has been 
imagined^ called an altitude and azimuth instrument^ 
which will be described in the next chapter. c« / 

(86’.) Pef. 10. T\\(t latitude of a place on theeartli's 
surface is its angular distance from the equator^ measured 
on its own terrestrial meridian: it is reckoned in degrees, 
minutes, and seconds, from 0 up to 90 ^, and northwards or 
southwards according to the hemis])hcre the place lies in. 
Thus, the observatory at Greenwich is situated in 
.51® 28 ' 40'' north latitude. This definition of latitude, it 
will be observed, is to be considered as only temporary. 
A more exact knowledge of the physical structure and 
figure of the earth, and a better acquaintance with the 
niceties of astronomy, will r^der some modification of its 
terms, or a different mailijlKl^ considc^ng it, necessary. 

(87.) Dkp. 11. Panels of latitude are small 
circles on tlje earth's surfacf panil^ to the equator. 
Every point in such a circle h^ the saibe latitude. Thus, 
Greenwich is said to be situated m the parallel of 
Sl*28'40;'. 

(88.) Def.12. The ibnpiltide of a place on the eartlb's 
surface is the inclination of its meridian to that of 
some fixed station refened to as a point to reckon 
f^om.. English astrond(|j||i!8 and geogri^hers use the 
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observatory at Greenwich for this station ; foreigners, 
the principal observatories of their respective nations. 
Some geographers liave adopted the island of Ferro. 
Hereafter, when we speak of longitude, we rec]|^u from 
Greenwich. The longitude of a place is, therefore, mea- 
sured by the arc of the equator intercepted bctweeii the 
meridian of the place and that of Greenwich ; or, which 
is the same thing, by the spherical angle at the pole in- 
cluded between these meridians. 

As latitude is reckoned north or south, so longitude 
is usually said to be reckoned west or east. -would 
add greatly, however, to systematic regularity/ tend 
much to avoid confusion and ambiguity in computations, 
were this mode of expression abandoned, and longitudes 
reckoned invariably westward from their origin round 
the whole circle from 0 to 30O°. Thus, tlie long^de 
of Paris is, in common parlance, either 2® 20" 22"' ^ast, 
ordil5tf 3})' 38" west of Greenwich. But, in the sense 
in which we shall henceforth use and recommend others 
to use the term, the latter is its proper designation.' 
Longitude is also reckoned in time at the rate of 24rh. 
for 360®, or 1 5® per hour. In tliis system the longitude 
of Paris is 23h. 50m. 38^ s, 

(89-) Knowing the longitude and latitude of a 
])lace, it may be laid down on an artificial globe ; and 
thus a map of tlie earth may be constructed. Maps of 
particular countries arc detached portions of this general 
map, extended into planes ; or, rather, they are repre- 
sentations on planes ^ such portions, executed according 
to certain conventional systili^p^ rules, called 
the object of which is either to distort as little as pos- 
sible the outlines of eountaries from what thjy are on the 
globe — OTdib establish easy means of ascestainiiig;, by 
inspection of graphical measurement, the latitudes and 
lon^tiides of places which occur & them, without rc- 
feitlng to the ^obe or to books — or for o&r peculiar 
uses. See Chap. 111. 

(9^.) A globe, or general map of the. heavens, as 
well as eharts ^particular paa^j^nay also ba constructid« 
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and the stars laid dowtiin their proper situations relative 
to each dther^ and to the poles of the heavens and the 
V celestial equator. Such a representation^ once made, will 
exhibit' a true appearance of the stars as they present 
themselves in succession to every spectator on the sur- 
face, or as they may be conceived to be seen at once by 
one at the centre of tlie globe. It is, therefore, inde- 
pendent of all geogrnphical localities. There will occur 
in such a represent^non neither zenith, nadir, nor ho- 
rizon — neither east nor west points ; and although great 
circles may be drawn on it from pole to pole, correspond- 
ing to terrestrial meridians, they can no longer, in this 
point of view, be regarded as the celestial meridians of 
fixed points on the eartli's surfi^, since, in the course of 
one diunial revolution, every point in it passes beneath 
each' of them. It is on account of tliis cliange of con- 
ception, and with a view to establish a complete distinc- 
tion between the two branches of Geography and ITrmo^ 
graphy*y that astronomers have adopted different terms 
(viz. declination^ and right ascension) to represent those 
arcs in the heavens which correspond to latitudes and 
longitudes on the earth. It is for this reason that 
term the equator of the heavens the equinoctial; 
what are meridians on the earth are called hour 
in the heavens, and the angles they include be- 
tiiwn them at the poles arc called hour angles^ All this 
is convenient and intelligible ; and had they been content 
with this nomenclature, no confusion could ever have 


arisen. Unluckily, the eiuly astronomers have em- 
ployed oko the words and longitude in their 

iu*anograpliy, in of arcs qf curdes not corre- 

sponding to {hose meant by the same words on the earth, 
but having «eference to the motion of thel^ and pla- 
nets among the star^|. It is now too late top^edy this 
confusion, prhich, ijlingrafted into every citing work 
OB astronomy : we can only regret, and warn the reader 
of jit, that he may be on his guard when, at,R m<ne ad- 

to 


sad perigd^4)f our workj^ we;#hall have oci 
^d;^the cartlf; to didl^be or represent : 
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define and use the terms in their cekatial sense, at 
same time urgently reoommendk^g to future writers the 
adoption of others in tbeir places. 

( 91 .) As terrestrial longitudes reckon from'' an as- 
sumed fixed meridian^ or from a determinate point 
on the equator.; so right ascensions in the heavens re- 
quire some determinate hour circle, or some known 
point in the equinoctial, as the cmmencement of their 
reckoning, or their zero point, Iwhour circle passing 
through some remarkably bright star might have been 
chuben ; but there would have been no particular ad- 
vantage in this ; and astronomers have adopted, in pre- 
ference, a point in the equinoctial, called the equinox, 
tlirough which they su^ppose the hour circle to pass, 
from which all others are reckoned, and which point is 
Itself the zcio point of all right ascensions, counted on 
the equinoctial. 

right ascensions of celestial objects are always 
reckoned casto'ard from the equinox, and are esti- 
mated either in degrees, minutes, and seconds, as in 
the case of terrestrial longitudes, from 0 ^ to 360^, 
which completes the circle ; or, in time, in hours, 
minutes, and seconds, from Oh. to 34h. The apparent 
diurnal motion of the heavens being contrary to the real’ 
motion of the earth, this is in conformity with the wesip 
ward reckoning of longitudes. (Art 87.) * * 

( 92 .) Sidereal tinw is reckoned by the diurnal 
motion of the stars, or rather of that point in the 
equinoctial from which right ascensions are reckoned. 
This point may be considai^ «s a star, though no star 
is, in fact, there ; and, n^oreover^^ the point itself is 
liable to a certain slow variatiem, — so alo^, however, 
as not to aH^t, perceptibly, the interval of «ny two of 
its successit^ returns to the meridkn. This interval 
is cfdled 0 i^real day, and is dirifi^into ^4 sidereal 
hmti% aii4 these again into minutes and seconds. A 
dock ^ch marks sidereal time, i, e. which goes 
iHdfonafy at such a ratetss always to $bomQh^ 0 m< Oe. 
when the equmox comes on meridian^ is called kr 
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sidereal clocks and is ai) indispensable ,piee^ of furniture 
in every observatory. ’ 

(93.) It remains to illustrate these descriptions 
by reference to a figure. Let C be the ' ^ntre of the 



^Uh^ N C S its axis ; then are N and S its poka ; EQ 
AB the parallel of latitude of the station 
A on its surface ; A P parallel to S C N, the direction 
dn which an observer at A will see the elevated pole of 
j^he heavens ; and A Z, the prolongation of the terrestrial 
radius C A, that of liis zenith. N A £ S will be his 
meridian; NGS that of some fixed station^ as Greenwich; 
and G£, or the spherical angle G^E, his longitude^ 
and JC A his latitude. Momver^ if ri a be a plane 
touching the surface ;ki will be his sensibk 

horizon ; \A e niarlQe 4 plane by its intersection 

with his meridian WiU b^^&ridian linej^d n and s 
the north and south his horizcnv ^ «; 

(d^O neglectli||l^ size of tiiW wth^ or 

conceiving him stationed alr^ its oentre^^ and jpeffiring 
every thing to his rational' horizon ; let |he ahne^d 
figure rep||s^t the sphere ofi^ihe heatm$i lD the 
spectator i^iPnia zeniA; and ST his ipidJr: ihmwiU 
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H A 0 a gi^t cirtle of the sphere, whose poles are 
Z N, be his ceMial horixon; Vp die elevatad and 


« 9 



depressed poles of the heavens ; H P the aHUude of 
the and li P Z E 0 his meridian ; E T Q, a great 
circle ])eq>endicular to Pp, will be the equinoctial; 
and if t represent the equinox, T T will be the right 
ascension, T S the dedind&on, and P S the polar 
distance of any star or object S, referred to the eqy,ifc 
noctial by the hour cArch P S T p ; and BSD will be ■ 
the diurnal circle it will appear to describe about the 
pole. Again, if we refer it to the horizon by^thc 
vertical circle Z S A, HA will be its azimuth, A S Jts^ 
altitude, and Z S its zenith distance. H and 0 are the 
north and south, and e the east and west points of 
his horizon, or of the heavens. Moreover, if H A,, 
Oo, be small circles, oijMraHels’o/'Htclination, touching 
the horizon in its norWandj^tb points, will be 
the circle of perpetual ’^tween ^hich and 

the elevated pole the sn^^^tfever set; (fo that of 
p(!rf)etml ttceuUaUon, betwm which and the depressed 
polejth^ In'jft 'fhe zone^of tte heavens 

betwAiftf fc and Oo,* they rise and set, any one of 
them, as % femaining above the horizon, i^that part 
of its drole rq^i^sented by A bdov^ 

it throughoul all the part represented by It 
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will exercise the reader to construct this figure for 
several different elevations of the pole, and for a variety 
of positions of the star S in each. The following con- 
sequences result from these definitions^ and are propo- 
sitions wliich the reader will readily liear in mind : — 
( 95 .) The altitude of the elevated pole is equal to the 
latitude of the spectator’s geographical station. For, 
comparing the figures of arts. 93. and 91 '-, it appears that 
the angle P A Z, between the pole and zenith, in the 
one figure, which is the eo^nltitude (complement to 90 ® 
of the altitude) of the pole, is equal to the angle N C A 
in the other; CN and AP being parallels whose 
vanishing point i^.tlie pole. Now, XCA is the co.. 
latitvde of the plan^ A. 

( 96 .) The same sfers, in their diurnal revolution, come 
to the meridian, suceessivehj, of every place on the 
globe once in twenty-four sidereal hours. And, since 
the diurnal rotation is uniform, the interval, incsid^real 
time, which elapses between the same star coming upon 
the meridians of two different places is measured by 
the difference of longitudes of the places. 

(97-) vers/i — the interval elapsing between two 

<Hffvre7tt stars coming on the meridian of one and the 
same place, expressed in sidereal time, is the measure 
of the difference of right ascensions of the stars. 

This explains the reason of the double division of 
the equator and equinoctial into degrees and hours* 

( 98 .) The equinoctial intersects the horizon in the east 
and west points, and the meridian in a point whose alti- 
tude is equal to the co-latitu(k of the place. Thus, at 
Greenwich, the altitude of die intersection of the equi- 
noctial and meridian is 38® 20 ^ 

( 99 *) M the heavenly bodies culminate (i, e* come to 
their greatest altitudes) on t|ie meridian; which is, there- 
fore, the Jx^st situation to^observe tl^m,J^ii^ least 
confused by die inequalities and vapours atmo* 

sphere, as well as least displaced by refracti^^'^ 

(100.) All celestial objects within the cirde of per* 
potuol apparidon come twice on die meridian^ above the 
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horizon^ in every diurnal revolution ; once aboiJe ami 
once bffiow the pole. These are called their uppbr and 
iower culminutiom, 

(101.) We shall conclude this chapter by calling 
the reader’s attention to a fact, which, if he now learn 
it for the first time, will not fail to surprise him, viz. 
that tlie stars continue visible through telescopes 
during the day as well as the night ; and that, in pro- 
portion to tlic power of the instrument, not only the 
largest and brightest of them, but even thcfse of inferior 
lustre, such as scarcely strike the eya> at night as at all 
conspicuous, are readily found and followed even at 
noonday, — unless in that part of the sky which is very 
near the sun, — by those who pcM|teS8 the means of 
pointing a telescope accurately Ur the proper places. 
Indeed, from the bottoms of deep narrow pits, such as 
a well, or the shaft of a mine, such bright stars as pass 
the jfemtb may even be discerned by the naked eye ; 
and we have ourselves heard it stated by a celebrated 
optician, that the earliest circumstance which drew his 
attention to astronomy was the regular appearance, at a 
certain hour, for several successive days, of a consi- 
derable star, through the shaft of a chimney. 
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CHAP. II. 

OF THE NATUKF. OF ASTHONOMICAL 1NSTHU3IENTS AND OBSERV- 
ATIONS IN GENEIIAL. OF SlDEllEAL AND tOtiAK TIME, — • 

OF THE MEASUREMENT OF TIME. CT.OCKS, C^ONOMETERS, 

THE TRANSIT INSTRUMENT. OF THE MEASUREMENT OF AN- 
GULAR INTERVALS. APPUCATlUN OP THE TELESCOPE TO 

INSTliUMENM DESTINED TO THAT i THE 3IURAX. 

CIRCLE. mATION OF POLAR AN HORIZON AL POINTS. 

THE LEVEL. P^UKB 1.INE. AlC TlTCIAL IIC 

LIMATOR. -—OF 'COMPOUND INSTUl’ CO-ORDINATE 

CIRCLES, THE EQUATORIAL. ALT TUDE AM AZIMUTH IN- 
STRUMENT. OF THE SEXTANT AN NG CIRCLE. 

PRINCIPLE OF REPETITION. 

(102.) Oim fint chapter has |een devoted to the ac- 
i^uisition chiefly of preliminary notions respetjtiiig, the 
glim ivc iniiabit^ its relation to the celestial objects 
;,lRrhich'Siirround it; and the physical circumstances under 
which all astronomical observations must bemade^ as well 
as to provide ourselves witii a stock of techniivl words 
of mos^ fj^uent and familiar use in tlic sequel. We 
might nov^, proceed to a mure exact and detailed state, 
nient of the facts and theorit's of astronomy ; biit^in order 
to do this with full cflect, it will be desirable that the 
reader be made acquainted witli j^e principal means 
which astronomers possess, of determining^ with the 
(^ree pi nicety their thetudes require, the data on 
]i|$ich they ground their conclusions ; in other words, of 
^sc^taining by measurement the apparent and real mag. 

, ttit|u|M with which they are converwt. 1 1 is only when 
jn thiSfhwowledge that he ctm. fully appre-* 

date either the truth oT the leones them^es, or tlie 
degree of^reliance to be placed on any cpnclu. 

dons antecedent to trial: since it Icnowing 

,what amount of <swor cap certainly bfe S^l yed and 
distini»tly measured, he can satijrfyl^{|P|K^ 
ai^ iheor^fe offers so dose an approximidmi,^ its nu. 
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merical results^ to actual phenomena, as will justify him 
in receiving it as a true representation of nature. 

(10.*^.) Astronomical instnitnent-raaking may be 
justly regarded as the most refined of tlie mechanical 
arts, and that in which the nearest approach to geome- 
trical prccisiion is required, and has been attained. It 
may be tho^ht an easy thing, by one unacquainted with 
the niceties required, to turn a circle in metal, to 
divide its circumference into 360 equal parts, and these 
again into smaller subdivisions, — to p^^ it accurately 
on its centre, and to adjust it in a given position ; but 
l»ractically it is found to be one of the most difficult. 
Nor will this appear extrsiordinary, when it is consi. 
dered that, owing to the application df ' tdescopes to 
the purposes of angular measurement, every imperfec- 
tion of structure or dlj^on becomes magnified by the 
whole optical piwer cf that instrument ; and that 
thus, i^t only direct errors of workmanship, lU^Bg 
from unsteadiness of hand or iinperfectioi|. 
but those inacciurt^cics which orig(n&te in 
controllable causes, such as the unequal expotitf on and 
contraction of metallic masses, by a chan^jf^f temper, 
aturc, and their unavoidable flexure or he|lilbig>by &eir 
own weight, become perceptible and measliPable. An 
angle of one minute occupies, on the circumferebec 
of a circle of 10 inches in radius, only about 
part of an inch, a quantity too small to be ce^'tainly 
dealt with without the use of magnifying glasses ; yet 
one minute is a gross quantity in the astronomical mMu 
Burement of an angle. With the instruments now 
ployed in observatories, a single second, or the 60thpmet 
of a minute, is rendered a distinctly vicdble^andiippTe^ 
ciable quan|[ty. Now, the arc of a cirol%^slA»tdn^% 
one seconil/ls less than the S00,000th part of the 
so fhatOD a cjvolo of 6 feet fir dirtnet^er it wq|^d occupy 
no greater extent than ^Vu^lih pait Df an inch ; a 
quanti^yMU^g a powerful microscope C6 be dlrtmted 
at all* ^Wl^y one figure to himself, the 

difficulfy^.^^']^^ (fti ciicumfeieDee of a metallic 
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circle of such dimensions (supposing the difficulty of its 
construction surmounted), 360 marks, dots, or cogniz- 
able divisions, which shall be true to ^eir places within 
such minute limits ; to say nothing of ihe subdivision 
of the degrees so marked ofi* into minutes, and of these 
again into seconds. Such a work has probably baffled, 
and will probably for ever continue to baffle, the utmost 
stretch of human skill and industry ; nor, if executed, 
could it endure. The ever varying fluctuations of heat and 
cold have a tendency to produce not merely temi)orary 
and transient, but permanent, uncompensated changes of 
form in all considerable masses of those metals which 
alone are applicable to such uses ; and their own weight, 
however symmetrically formed, must always be un- 
equally sustained, since it is impossible to apply the 
sustaining power to evary par/^paratcly : even could 
this he done, at all events force must be used to move 
anJf to fix them; which can never be done if’itjjput 
producing temporary and risking permanent cliauge of 
form. It is true,%y dividing them on their centres, 
a!id in the identical places they are, destined to occupy, 
and by a thousand ingenious anf^;i|^U^tejaoDtrivances, 
have been accomplished In tw department 
of ai^^VAnd a degree of perfectloi been given^ 
not niehely to chafi d[muvre^i\^ to !j|iti?imen|(» of 
moderate prices and dimensii^, and4^^niUQ^I^, 
which, on due consideration, naust 
prising, . But though we are ;!SD titled 
ders at the hands of scientific artists, w.e are' 4ot to 
ex|ii^t miracka. The demands o^^ the astronomer will 
always surpass the power of the artist ; and it must, 
therefore, constantly the aim’' of the to make 

himsdf, af fai!<> as possible, the imper. 

feetions incident to every can place in 

his hands^ H^e must, therefore^ endeavour so to com. 
bine his observations, so ^ choose his opportunities, 
and so to familiarize mtk all ^ tt ^iaases which 

may produce instrumenSr derirngefo^f and with all 
the peculiarities of ^tructoe and material of each ia. 
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strument he possesses^ as not to allow himself to be 
misled by their errors, but to extract from their in- 
dications. as far as possible^ all that is tnie, and reject 
all that is erroneous. It is ii. this that the art of 
'the practical astronomer consists^ — an art of itself of a 
curious and intricate nature, and of which we can here 
only notice some of the Icadii^ and general features. 

(104.) The great aim of the practical astronomer 
being numerical correctness in the results of instru- 
mental measurement^ his constant care and vigilance 
must be directed to die detection and compensation of 
errors, either by annihilating, or hy taking account of, 
l^and ailowdng for them. Now, if we examine the sources 
Jom which errors may arise in any instrumental de- 
termination, we shall find them chiefly reducible to three 
principal heads : — - ' 

(105.) 1st, External or incidental oauscs of error; 
co^yir^icnding such as depend on external, uncontroL- 
lahle circiunstances : such as, iluctuations of weather, 
which disturb the amount of refhdstion from its tabu- 
lated value, and, being reducible to no fixed law, induce 
uncertjunty to t)]^ extent of their own possible mag- 
nitude; such as, by varying the temperaturov^ the 
air, vary alw and position of the inefiwuents 

deed, hy i|I$l^g relidYe magnitude and the Ibonon of 
ihiijirjgrte; iff the like nature. 

Errors of observation: such as arise, 
foi «X]llO(ple, inexp^nesB, defective visioi^ slow- 
ness in seizing the exact instant of occurtenoe of a 
phenomenon, or pr^pitancy in anticipating it, hc » ; 
from atmospheric indistinctness ; insufficient optical 
power in the instrumedt, and the like. Undp this head 
may also be all 'ifilfrors arising from nomentary 

instrumental derangenMOtti*** in damping, looseness 
of screws. See, 

(107.) Sdly, The thirds and hy far the most nu- 
Sjpous daii|if||r rirnrn to astrdnomical measure. 

are lial^ arise from* raoses which may he deemed 
.ie^mnratal, and which maybe subdivided into two prin. 

r 2 
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clpttl classes. The first comprehends those which arise 
fron\ an instrument not being what it professes to be, 
which is errnr of workmanship. Thus, if a pivot or 
axis, instead of being, as it ought, exactly cylindjrical, be 
slightly flattened, or elliptical, —if it be not exactly 
(as it is intended it should) concentric wdth the circle 
it carries ; — if this circle (so called) be in reality not 
exactly circular, or not in one plane ; — if its divisions, 
intended to be precisely equidistant, should be placed 
in feality at unequal intervals, — and a hundred other 
things of the same sort. 'J'hcse are not mere specu. 
lative sources of error, but practical annoyances, which 
every observer has to contend with. 

(108.) The other subdivision of instrumental er- 
rors comprehends such as arise from an instrument not 
being placed in the position it ought to have ; and from 
those of its parts, which are made puri>osely moveable, 
not being properly disposed infer se. These ar^ er^s 
of adjnstment, Some are unavoidable, as they arise 
iboin a general unateadincss of the building in 

which* the instruments are placed ; wnip|: though too 
minute to be notibed in any other 'Way, become appre- 
ciable in delicate astronomical ;M|li|ervatioii8 : otliers, 
again, are consequences of impeQpl workmanship, as 
where an instrumoit once well adjusted will not remain 
so, but keeps dey^ing and shifting. But the most im- 
portant of this of errors arise from the non- 
existence of natural indications, other than those awarded 
by astronomical observations themselves, whether an 
instrument has or has not the 

spett to the horiaon and its card| 9 i^ints, the axis of 
the earth, or to other principd astronomk^llnes^d 
circles, wljch it ought to have to fulitli^perly its 
olgects. \ , 

(109.) ^Now, with respect to the flnll^two classes 
of error. It must be obs^ed, that, ii^'io far as they 
reduced to knov^ laws, ancyitoby become 
suli^ts of calculation and due allowai^, they actually 
vitiate^ to 4 heir full extent, the results of any observa. 
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tions in which they subsist. Being, however, in their 
nature casual and accidental, their eifects necessarily lie 
sometimes one way, sometimes the other; sometimes 
diminishing, sometimes tending to increase the results. 
Hence, by greatly multiplying observations, under varied 
circumstances, and taking the mean or average of their 
results, this class of errors may he so far subdued^ by 
setting them to destroy one another, as no longer sensibly 
to vitiate any theoretical or practical conclusion. This 
is the great and indeed only resource against such eri!brs, 
not merely to the astronomer, but to the investigator of 
numerical results in every department of physical re- 
search. 

(110.) With regard to errors of adjustment and 
workmanshif), not only the ftossibilitg, but the certainty 
of their existence, in every imaginable form, in all in- 
struments, must 1)6 contemplated. Human hands or 
maohiRCB never formed a circle, drew a straight line, or 
erected a perpendicular, nor ever placed an instrument 
in perfect |pfistment, unless accidentally; and then 
only duriitil^^instant of time. This does not prevent, 
however, that a approximation to all theee desi- 
derata should be ,3 i te ed. But it is the peculiarity of 
astronomic^ obsHHIon to be the ultimate means qf 
detection of all mechanical defects which elude by tlieir 
minuteness every other mode of detetion. Wi^t the 
eye cannot discern, nor the touch pSrCiSve, a course of 
astronomical observations will make distinedy evident. 
The imperfect products of man's hands are he^ tested 
by being broughtj |i i | compari8on with the perfbot worii- 
ihanship of nature^Hd there is none which will bear the ; 

^^7 seent like arguing in a vipous cirde, 
tb deduc^llMOreticd condusions and laws fimm observ*. 
ation, and ^then to turn round upon the instnimento with 
which tho4#LibhservadonB were made^accuf^ thm of 
imperfecdoiL and attempt to detect and rectify JSieir 
errors by niiAs of the laws and theodhs which 
they j^ve ns to a Imoidedge of. A little eonai- 
V 5 
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deration, however, will suffice to show that such a course 
of proceeding is perfectly legitimate. 

(ill.) The steps by wlucli we arrh'e at the laws 
of natural phenomena, and especially those which dc. 
pend for their verification on numerical determination k, 
are necessarily successive. Gross results and palpable 
laws are arrived at by rude observation with coarse in- 
struments, or without any mstruments at all; and these 
are corrected and refined upon by nicer scrutiny with 
mdle delicate means. In the progress oi‘ this, subordinate 
laws are brought into vievr, which modify both the verbal 
statement and numerical results of those which first 
offered themselves to our notice; and when these are 
traced out, and reduced to certainty, others, again, sub- 
ordinate to them, make their appearance, and become 
subjects of further enquiry. Now, it invariably hap- 
pens (and the reason is evident) that the first glimpse 
we catch of such subordinate laws — the first in 
which they are dimly shadowed out to our minds — is tliat 
of errar», W c perceive a discordance between what we 
and what wc find. The first occurrence of sucJi 
a discordance w'e attribute to accident. It happens again 
and again ; and we begin to our instruments. 

We then enquire, to what amounts error their deter, 
minations can, hy pomMUty, be liable. If their I'mit of 
possible error exceed the obscrvivl deviation, we at once 
condemn the instrument, and set about improving its 
construction or adjustnients. Still the same deviations 
occur, and, so far from being pallia^i^ are more marked 
and better defined than before. now sure that 

we are on the traces of a law of nature, and we pursue it 
till we hav|i reduced it to a definite statement, and veri- 
fied it by repeated observation, under every variety i»f 
cirinirostances. 


^12. )cNow, in the course of this enquiry, it will 
‘ nol^l to napiien that other discordances will strike us. 
Taught by experience, we suspect the eustence of some 
^^natural law, before unknown; we Ubulate («\ e. draw out 
order) tke results of our observations ; and wo per* 
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ceive, in this synoptic statoroent of thcnii distinct indlca- 
tions of a regular progression. Again we improve or vary 
our instruments^ and we now lose sight of this supposed 
new law of nature altogether^ or find it replaced by 
some otherj of a totally difierent character. Thus we 
are led to suspect an instrumental cause for what we 
have noticed. Wc examine^ therefore, the thmrt/ of 
our instrument; we suppose defects in its structure, 
and, by the aid of geometry, we trace their influence in 
introducing actual errors into its indications. SHbsse 
errors have their lam^ which, so long as wc have no 
knowledge of causes to guide us, may be confounded 
with laws of nature, and are mixed up with tliein in 
their effects. They are not fortuitous, like errors of 
olffiervation, but, as they arise from sources inherent in 
the instrument, and unchangeable while it and its 
adjustments remain unchanged, tlicy are reducible to 
fiMid «ind ascertainable forms ; eacii particular defect, 
whether of structure or adjustment, producing its own 
appropriate /orm of error. When these are thoroughly 
investigated, we recognize among them one which co- 
incides in its nature and progression with that of our 
observed discordances. The mystery is at ontT solved : 
we have detected, by direct observation, an instrumental 
defect. , 

(113.) It is, therefore, a chief requisite for the 
practical astronomer to make himself completely familiar 
with the theory of his instruments, so as td be able at 
once to decide w]pt on his observations any given 
imperfection of l^ture or ailjustmcnt will produce itf 
any given dreumsttmees under which an observation 
can be made. Suppose, for example, that the principle 
tif an instrument required that a circle should be exactly 
concentric with the axis on which it is made to turn. 
As this is a condition which no workmanshy) cait^ifil,, 
it becomes necessary to enquire what errors 
produced in observations made and registered onHflif' 
faith of such an instrument, by any assigned deviation 
in this respect; that is to say, what wouU be the dis- 
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agreement between observations made with it and with 
one absolutely perfect, could such be obtained. Now, 
a simple tlieorem in geometry show^s that, whatever be 
the extent of this deviation, it may })e annihilated in its 
effect on ihe result of observations depending on the 
graduation of the limb, by the very easy method of 
reading ofl' the divisions on two diametrically opposite 
points of the circle, and taking a mean ; for the effect of 
exc( 5 PElp,city is always to increase one such reading by 
SaiTu* quantity by wliich it diminishes the other. 
Again', su])pose that the j^roper use of the instrument re- 
quired that tliis«Ki.s should be exactly parallel to that of 
the earth. As it never can he placed or remain so, it be- 
comes a question, w'hat amount of error will arise in its 
)|6c from any assigned •ifeviati on, whether in a horizontal 

Vertical plane, from this precise position. Such en. 

' <^ries constitute the theory of instrumental errors ; a 
theory of the utmost importance to practice, and.on^of 
which a complete knowledge will enable an observer, with 
very moderate instrumental means, to attain a <legree of 
precision %vhich might seem to belong only to the most 
refined and costly. In the jircsent work, however, we 
have no further concern with it. ^ The few astrono- 
mical instruments we propose to descril)e in this chapter 
will be consitlered as perfect both in construction and 
adjustment. 

(114.) As the above remarks are very essential to 
a right understanding of the philosophy of our subject 
and the spirit of astronomical methods, we shall elu- 
them by taking a case. Observant ])ersons, 
hefoi^e the invention of astronomical instruments, had 
already concluded the apparent diurnal motions of the 
stars to he performed in circles about fixed poles in the 
heavens, as shown in the foregoing chapter. In draw- 
ing diis exclusion, however, i«|@|Ction wa8.;|||fiiely 
overlooked,^ or, if forced on their by its gr^wag- 
nitude in the immediate ncighbourlii^ of t^liorizon, 
was regarded as a local irregularity, at such neg. 
heted, or durred over. As soon, ^owertr, . as the 
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diurnal paths of the stars were attempted to he traced 
by instruments^ e\^en of the coarsest kind, it became 
evident that the notion of exact circles described about 
one and the same pole would not represent tlie pheno- 
mena correctly, but that, owing to some cause or other, 
the apparent diunial orbit of evjcry star is distorted 
from a circular into an oval form, its lower segment 
l)eing flatter than its upper ; and tlie deviation being 
greater tlie nearer the star approached the hoHisi^. ihe 
effect being the same as if the circle had been si^nfieited 
upwards from Ikdow, and the lower parts more than 
the higher. For such an effect, as i|WR8 soon found 
t4) arise from no casual or instrumental cause, it became 
necessary to seek a natural one and refraction readily 
occurred, to solve the difficultyii!^^|n fact, it is a casfr,. 
precisely analogous to what %ve hiCta already (art. 47*) 
noticed, of the apparent distortion of the sun near tha* 
horittonf only on a larger scale, and traced up to greater 
altitudes. This new law once established, it became 
necessary to modify the expression of that anciently 
received, by iiwerting iu it a mho for the effect of re- 
fraction, or by'^linaking a distinction between the appo- 
rent diurnal orbits, as affected by refraction, and the 
true ones cleared of that effect. 

(115.) Again: The first impression produced by 
a view of the diurnal movement of the heavens is, tliat 
all the heavenly bodies jierform tfiig revolution in one 
cbmmon period, viz. a day, or 24 hours. But no 
sooner do we come to examine the matter instrumenU 
ally, i. e. by noting, by timekeepers, their successi^ 
arrivals on the meridian, tlian wc find diffbrences wlptm 
cannot lie accounted for by any error of observation. 
AD the Btare, it is true, occupy the same Vterval of 
time between their successive appulses to the meridian, 
or to ^ y verticdjvt^e ; but this is a veij difibrent , 
one Ira .that odAled by the sun. It is palpably 
shorter ; Wng, only 23^ .56^ 4*09*, instead of 

24 hours, such liourB as our common clocks mark. 
Here, we have already two different daj^, a sidereal 
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and a solar ; and if, instead of the sun, we observe the 
TDOon^ we find a third, much longer than either, — a 
lunar day, whose average duration is 24*' 54*" of our 
ordinary time, which last is aolar time, being of necessity 
couformaiile to the BaH\ successive re.ap{)caranccs, on 
which all the business of life depends. 

(Il6\) KOWij^all the stars are fpund to be unanimous 
in giving the 4lp|e exact duration of 25‘‘ 5()' 4"*09 j for 
the sidereal day ; which, therefore, we cannot hesitate 
to receive as the period in wliich the earth makes one 
revolution on its axis. W'c are, therefore, compelled 
to look on ^ sun and moon as exceptions to tlic gc. 
neral law' ; ti^aving a different nature, or at least a 
different retail^ to us, trom the stars ; and as having 
motions, real or apptti:ent, of their ow'n, indepimdent 
of the rotation of die 'eartii on its axis. I'hus a great 
and most imiK)rtant distinction is disclosed to us. 

(117.) To establish these facts, almost lift 
ratus is rd^uired. An observer need only station him. 
•elf to the north of some well-defined vertical object, 
as the angle of a building, and, placing his eye exactly 
at a certain fixed point (such as a small hole in a plate 
of metal nmled to some immoveable support), notice the 
successive disappearances of any star tehind the build- 
ings ^ ft watch.* When he olweryes the sun, be must 
shade .Ids eye with a dark-coloured or smoked glass, 
nolioc the moments when its western and eastern 


successively come up to the wall, from which, by 
taking liaU' the interval, be will ascerUdd. (wrhat he 
cannot <l&Mtly observe) ^e moment of ^||^ppesrance 
ofitseepl^. ^ 


(ll|^).'^irhen, in pursuing and establishing this 
we are led to attend more nicely to the 
tbEUcia' of the daily arrival of the sun on die meridian. 


* Tiiif npiTexcdlciit pr«Gtlc»l method of sicmiiiiing the msef edock 
or watch, heltw exceedingly accurate if a few precautiona aftr attended to : 
the ohtorof which 1«, to lake care thak that |iart of the edge twhind wtM 
w Mar (a bright one, opI e pfatut) dlvappean thaS be quite iraooth i at 
odierwiae variable refraction the point ct dUappearance froifr 
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irrogularitics (so they first seem) begin to Iw obscrvefl. 
The iiitcr\'als between two successive arrivals are not 
the same at all times of the year. They are sometinies 
greater, sometimes less, than 24 hours, as shown by 
the clock ; that is to say, the mlar day is not always 
of the same length. About the 21st of December, for 
example, it is half a minute Imiger, and^Aboat the same 
day of September nearly as much'<|m^/er, tlian its 
average duration. And thus a distliiction is again 
])ressed upon our notice between the actual solar day, 
which is never two clays in succession alike ; and the 
mean solar day of 24 hours, which is an. average of all 
the solar days throughout the year. l|i|#thcn, anew 
source of enquiry opens upon us. Thjfmf s apparent 
motion is not oidy not the same, with t&t of the stars, 
but it is not (as the latter i8).linifortn. It is subject; 
to fluctuations, whose laws become matter of i)iYesu. 
gatian. • Hut to ])ursiie these laws, wc require nicer 
means of observation than what we have described, 
and are obliged to call in to our aid an instrument 
called the transit instrument, es{)ccia11y destined for 
such observations, and to attend minutely to all the 
causes of irregularity in the going of clocks and watches 
which may affect o^r reckoning of time. Thus'^ive 
become involved by degrees in more and more dedicate 
instrumental enqui^ ; and we speedily find that, in 
proportion as we asa^tain the amount and law of 
great or leading fluctuation, or inequality, as it is { 
of the sun'a diurnal motion, w'e bring into yiew 
continually, jg^ller and smaller, which 
obscured, wtnixed up vrith errors of obserilial^ j|tid 
instruxt^ental imperfections. In sliort, 
inaptly compare the mean length of the < 

the mean or average height of water in ‘ 

the general level of die sea tmagitated by tidB:j||j||^veSk 
The great .annual fluctuation above noticel/^^y^ be 
comps^ to the daily variations of level |iodaeed 
by the tides^ which are nothjmg but enormous waves 
extending*^^ t|^ wholi ocesi^ while the pnaBer sub ^ 
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ordinate illegalities may be assimilated to waves 
ordinarily so called, on which, when large, wo perceive 
lesser undulations to ride, and on these, again, minuter 
ripplings, to the series of whose subordination we can 
perceive no end. 

(Ilf).) W ith the causes of these irregularities in the 
solar motion we have no concern at preseiit ; their ex- 
planation belongs to a more advanced part of our sub- 
ject : but the distinction between the solar and sid(?real 
days, as it pervades every part of astronomy, requires 
to be early introduced, and never lost sight of. It is, 
as already observed, the mean or average length of the 
solar day, which is used in the civil reckoning of time. 
It commences at midnight, but astronomers (at least 
those of this country), even when tliey use mean solar 
time, depart from the civil reckoning, commencing their 
day at noon, and reckoning tlie hours from 0 round to 
^ i. Thus, 1 1 o'clock in the forenoon of the sijctr d of 
January, in the civil reckoning of time, corresponds to 
January 1 day *23 hours in the astronomical reckoning ; 
and one o’clock in the afternoon of the former, to Ja- 
iiuary 2 days 1 liour of the latter reckoning. This 
usage has its advantages and disadvantages, hut the 
latter seem to preponderate; and it would lx? well if, in 
consequence, it coidd lx; broken through, and the civil 
reckoning substituted.* 

(120.) Both astronomers and civilians, however, who 
iiiliabit different points of the earth’s surface, differ 
from each other in their reckoning of time; as it is ob- 
vious they must, if we consider tliat, when it is noon 
at one place, it is midnight at a place diametrically op- 
posite; sunrise at another; and sunset, again, at a four^« 
Hence arises considerable inconvenience, especially as 
respects places differing very widely in situation, and 
whieb-«iRig^ even in some critical cases involve the mis. 
take a^whole day. To obviate this in|;onvenience, 
lliere has lately been introduced a system of reckoning 
time by ineaii imhur days and parts of a day counted 
from a instant, eommon to all the world, and 
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determineil by no Awa/ circiinistance> sudii as noon or 
midnight^ but by the motion of the sun among the stars. 

^ Time, so reckoned, is called equinoctial time; and is 
numerically the same, at the same instant, in every 
part of the globe. Its origin will lie explained more 
fully at a more advanced stage of our work. 

(121.) Time is an essential element in astrono- 
mical observation, in a twofold point of view : — 
Jst, As the representative of angular motion. The 
earth *s diurnal motion l)eing uniform, every star de- 
scribes its diuniai circle uniformly ; and the time 
' L'la])siiig botwcHMi the passage of the stars in succession 
across the meridian of any observer becomes, therefore, 
a direct measure of their differences of right ascension. 
2dly, As the fundamenul clement (or, independent 
variable, to use tlie language of geometers) in all dy- 
imTuical theories. The great object of astronomy is the 
detcMiiiuation of the laws of the celestial motions, and 
iheir reference to their ])roxiinatc or remote causes. 
Now, the statement of the /««• of any observed motion 
in a celestial object can Im* no other than a pro)>osition 
declaring what has been, is, and will be, the real or appa- 
rent situation of that object at any time, past, present, 
or future. To compare such laws, therefore, with ob- 
servatitm, we must possess a register of tlie obsifrved 
situations of the object in question, and of tlie tinm 
when they were observed. 

(122.) The measurement of time is performed by 
clocks, chronometers, clepsydras, and hour-glasses : the 
two former are alone used in modern astronomy. The 
hour-glass is a coaise and rude contrivance for ineasur. 
ing, or rather counting out, fixed portions of time, and 
is entirely disused. The clepsydra, which^neasured 
time by the gradual emptying of a large vessel of vrater 
through a determinate ori^ce, is suscejHible of confider- 
able exactneft, and was the only dependence aatrono- 
iners before the invention of clocks and watches. At 
present it is abandoned, owing to the greater convenience 
and exactness of the latter inatniinents. 1% one we 



78 A TRKATIfSK ON ASTRONOMY. CHAP. 11. 

only has the revival of its use been proposed ; viz. for 
the accurate measuremeut of very small portions of 
time, by the flowing out of mercury from a small orifice 
in the lK)ttom of a vessel, kept constantly full to a fixed 
height. The stream is intercepted at the moment of 
noting any event, and directed aside into a receiver, into 
which it continues to run, till the moment of noting any 
other event, when the intercepting cause is suddoidy 
removed, the stream flows in its original course, and 
ceases to run into the receiver. The wvUjht of mercury 
received, compared with the weight received in an in- 
terval time observed by the clock, gives the interval- 
l)etwe%1flie events oliservcd. This ingenious and simple 
method df resolving, with all possible precision, a pro- 
btera which has of late Ikhui much agitated, is due to 
captain Katcr. 

(12J1.) The pendulum clock, however, and the 
balance watch, with those improvements and w^nc- 
ments in its structure which constitute it emphatically 
a chronomHer*, are the instruments on which the 
astronomer depends for his knowledge of the lapse 
of time. These instruments arc now brought to such 
perfection, that an irregularity in the rnte of going, to 
the extent ^ a single second in twenty-four hours in 
two couseciii^e days, is not tolerated in one of good 
character ; so that any interval of time less than twenty- 
four hours may be certainly ascertained within a few 
tenths of a second, by their use. In proportion as 
intervals are longer, the risk of error, as weU as the 
amount of error risked, becomes greater, because the 
accidental errors of many days may accumulate ; and 
causes producing a slow progressive change in the rale 
goingj'may subsist unperceived. It is not safe, 
!7i^ore, to trust the determination of time to clocks, 
^’atches, for many days in succession, without check- 
^ \emf and ascertaining their errors by reference to 
H events which Ve know to happen, day after 
equal intervals. But if this be done, tlie 
* to measure. 
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longest intervals may be fixed with the same pre« 
cision as the shortest ; since, in fact, it is then only the 
times intervening lietween the first and last numieiits of 
such long intervals, and such of those periodically re- 
curring events adopted for our points of reckoning, as 
occur within twenty-four hours respectively of either, 
that we incashre by artificial means. The whole days 
are counted out for us by nature; the fractional parts 
only, at either end, are measured by our clocks. To 
keep the reckoning of the integer days correct, so that 
none shall be lost or counted twice, is the object of the 
calendar. Chronology marks out the order of aucces- 
sion of events, and refers them to tlieir proper and 
(lays ; while chronometry, grounding its deteipmations 
on the precise observation of such regularly periodical 
events as can he conveniently and exactly subdivided, 
enables us to fix the moments in which phenomena 
occur, with the last degree of precision. 

(Ix t.J In the jcnbrn natmu^ or tran^y (f. c. the 
passage across the meridian of airStiservcr,) of every 
star in the heavens, lie is furnished with such a re. 
gularly periodical natural event as >ve allude to. Ac- 
cordingly, it is to the tranaits of the brightest and most 
conveniently situated fixed stars that astronomers resort 
to ascertain their exact time, or, w'hich ?{|^es to the 
same thing, to determine the exact amount of errot 6f 
their clocks. 

(1^5.) The instrument with which the culminations 
of celestial objects are observed is called a iranait 
instrument. It consists of a telescope firmly fastened 
on a horizontal axis directed to the east and west 
points of the horizon, or at right angles to the plane 
of the meridian of the place of observation. The 
extremities of the axis arc formed into cylindrital pivots ' 
of exactly equal diameters, which rest in netdies fofmed. , 
in metallic supports, bedded (in the case^of large ^ 
instruments) on strong piers ojp stone, and suscept* 
l()le of nice adjustment by screws, both in a vertical 
ik&d horizontal direction. By the former adjustment. 
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the axis can be rendered precisely horizontal, by kveU 
it with a level made to rest on the pivots. By 



the latter adjustment the axis is brought precisely into ‘ 
the east and west direction, the criterion of which is 
furnished by the observations themselves made with 
the instrument, or by a well-defined object, called a 
meridian mark^ origitially determined by such observ- 
ations, an^ then, for convenience of ready reference, 
permanently established, at a great distance*, exactly 
in a meridian line passing through the central point 
of the whole instrument. It is evident, from tins de- 
scription, that, if the central line of the telescope 
(that which joins the centres of its object-glass' and 
eye-glass, and which is called in astronomy its line of 
collimation) be once wtU adjusted at right angles to^ 
the axis of the transit, it will never quit the plane of 
the meridian, when the instrument is turned round on 
its axis. 

(136.) In the focus of the eye-piece, and at right 
angles to tlie length of the tclcscoiie, is placed a system 
of one horizontal and five equidistant vertical threads 
or wires, as represented in the annexed figure, which 
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always appear in (he field qf mew^ when properly iUu. 
minatcd^ by day by the light of sky^ by ni^t by 
that of a lamp introduced by a contrivance not ncces. 
sary here to explain. The place of this system of wires 
may be altered by adjusting screws, giving it a lateral 
(horizontal) motion ; and it is by this means brought to 
such a position, that the middle one of the vertical wires 
shall intersect the line of coUimation of the telescope^ 
where it is arrested and permanently fastened. In tliis 
situation it is evident that the middle thread will be a 
visible representation of that portion of the cclesthl 
meridian to which the telescope is pointed ; and when 
a star is seen to cross this wire in the telescope^ it is in 
the act of culminating^ or passing the celestial incri. 
dian. I'hc instant of this event is noted by the clock 
or chronometer^ which forms an indispensable accom- 
paniment of the transit instrument. For greater pre- 
cision^ the moments of its crossing all the five vertical 
threads is noted, and a mean taken, which (since the 
threads are equidistant) would give exactly the same 
result, were all the observations perfect, and will, of 
course, tend to subdivide and destroy their errors in an 
average of the whole. 

(127.) For the mode of executing the adjustments, 
and allowing for the errors unavoidable in the use of 
this simple and elegant instrument, the reader must 
consult works especially devoted to this department 
of practical astronomy.* We shall here only mention 
one important verification of its correctness, which con- 
sists in reversing the ends of the axis, or turning it east 
for west. If this be done, and it continue to give the 
same results, and intersect the same point on Uie meri. 
dian mark, we may be sure that the line of ^Uimation 
of the telescope is truly at right angles to the ax|^, and 
describes strictly a plane, t. e. m&rks out in t^e freavens 
a great circle. In good transit observations, an mor of 
two or three tenths of a second of time in the moment 

Dr.Ftanonli IVeatifft on Practical Aatnmomy. .AliO BUnchi 
Sopr* lo Stromeoto de* Pataag}. ^phem. di BlUano, ISSA 
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of a stars culmination is the utmost which need be 
apprehended^ exclutdvc of the error of the clock: in 
other words, a clock may be compared with the earth's 
diurnal motion by a single observation, without risk of 
greater error. By multiplying observations, of course, a 
yet greater degree of i)recision may be obtained. 

The angular intervals measured by means of 
the transit instrument and clock are arcs of the equi- 
noctial, intercept'd l)ctwecn circles of declination passing 
through the objects observed ; and their measurement, 
in this case, is performed by no artificial graduation of 
circles, but by the help of the earth's diurnal motion, 
which carries equal arcs of the equinoctial across tlie 
meridian, in equal times, at the rate of l.^'^per sidereal 
hour. In all other cases, when we would measure 
angular intervals, it is necessary to have recourse to cir- 
cles, or portions of circles, constructed of metal or other 
firm and durable material, and mechanically subdivided 
into equal parts, such as degrees, minutes, ike. Let 
ABCl) be such a circle, divided into 300 degrees. 



(numbered in order from any point 0° in the circum- 
ference, round to the same point again,) and connected 
with its centre by spokes or rays, x y ss^ firmly 
united tb its circumference or limb. At the centre 
let a circular hole be pierced, in which shall move a 
pivot exactly fiiting it, carrying a tube, w'hose axis, 
a bj is exactly parallel to the plane of the circle, or per. 
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pcndicular to the pivot ; and also the two arms^ mn, at 
right angles to it, and forming one piece with the tube 
and the axis ; so that the motion of the axis on the 
centre shall carry the tube and arms smoothly round 
the circle, to be arrested and fixed at any point we 
please, by a contrivance called a clamp. Suppose, now, 
we would measure the angular interval lietween tw'o 
fixed objects, S T, The plane of the circle must 
first be adjusted so as to pass tlirongh them both. 
This done, let the mein ah of the tube be directed 
to one of them, S, and clamped. Then will a mark 
on the arm m point cither exactly to some one of 
the divisions on the limb, or between two of them adja- 
cent, Jn the former case, the division must be noted, 
as the reading of the arm m. In the latter, the frac- 
tional part of one whole interval between the conse- 
cutive divisions by which the mark on m mrpasHns the 
last jpfqfior division must be estimated or measured by 
some mechanical or optical means, (See art. 130,) The 
division and fractional part thus noted, and reduced 
into degrees, minutes, and seconds, is to be set down as 
the reading of the limb corresponding to that position of 
the tube ab, where it points to the object S, The 
same must then be done for the object T ; the tube 
pointed to it, and the limb ** read off.*' It is manifeati 
then, that, if the lesser of these readings be subtracted 
from the greater, their difference will Imj the angular in- 
terval between S and T, as seen from the centre of 
the circle, at whatever point of the limb the commence- 
ment of the graduations on the point 0*^ be situated. 

( 129 .) The very same result will be obtained, if, 
instead of making the tul)e moveable upon the circle, 
we connect it invariably with the latter, and make both 
revolve together on an axis concentric with the circle, 
and forming one piece witl^ it, working ima hollow 
formed to receive and fit it in some fixed support. 
Such a combination is represented in section in the 
annexed sketch. T is the tube or sight, fastened, at pp, 
on the circle A B, whose axis, 1>, works ia the solid 
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metallic centring E, from which originates an arm, F, 
carrying at its extremity an index, or other proper mark, 



to point out and read off tlic exact division of the circle 
at 11, the point close to it. It is evident that, as the 
telescope and circle revolve through any angle, the part 
of the limb of the latter, which by such revolution is ‘ 
carried past tlie index F, will measure the angle de- 
scribed. This is the most usual mode of applying 
divided circles in astronomy. 

(130.) The index F may either be a simple pointer, 
like a clock hand {fig- a); or a vernier {fig-ff); or, 



lastly, a compound microscope {fig-c), represented in 
section (in fig- d), and furnished with a cross in the 
common focus of its object and eye-glass, moveable by 
a fine-threaded screw, by which the intersection of the 
cross may be brought to exact coincidence with the 
image of 5he nearest of the divisions of the circle ; and 
by the ttfrns and parts of a turn of the screw required 
for this purpose the distance of that division from the 
original cr zero point of the microscope may be esti. 
mated. This simple but delicate contrivance gives to 
the reading off of a circle a degree of accuracy only 
limited by the power of the microscope, and the per. 
Itction tviih which a screw can be executed, and places 
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the subdivision of angles on the same footing of optical 
certainty which is introduced into their measurement 
by the use of the telescope. 

(131.) The exactness of the result thus obtained 
must depend, Ist, on the precision with which the 
tube a h can be pointed to the objects ; Sdly, on the 
accuracy of graduation of the limb ; 3dly, on the accu- 
racy with wliich the subdivision of the intervals be- 
tween any two consecutive graduations can be ac- 
complished. The mode of accomplishing the latter 
object with any required exactness has lieen explained 
in the last article. With regard to the graduation of 
the limb, being merely of a mechanical nature, we 
shall pass it without remark, further than this, that, 
in the present state of instrument-making, the amount 
of error from this source of inaccuracy is reduced 
within very narrow limits indeed, regard to 

the it must he obvious that, if the sights ah 
l>e nothing more than what tht 7 are represented in 
the figure (art. 128.) simple crosses or pin-holes at 
the ends of a hollow tube, or an eye-hole at one 
end, and a cross at the other, no greater nicety in 
pointing can be expected than what simple vision with 
the naked eye can command. But if, in idace of thgse 
simple but coarse contrivances, the tu1)e itself be con*, 
verted into a telescope, having an object-glass at b, 
and an eye.piece at a ; and if the motion of tlie tube 
on the limb of tlie circle be arrested when the, object is 
brought just into the centre of die field of view, it is 
evident that a greater degree of exactness may be at- 
tained in the pointing of the tube than by the unas. 
sisted eye, in proportion to the magnifying yower and 
distinctness of the telescope used. Th^ltMtsaitainable 
degree of exactness is secured by stretchn^ in die com. 
mon focus of the object and eye-glasses two debate fibres, 
such as fine hairs or spider-lines, intersecting each other 
at light angles in the centre of the field of view. Their 
points of intersection afford a permanent mark with 
which the image of the object can be brought to exact 
o 3 
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coincidence by a proper degree of caution (aided by 
mechanical contrivances), in bringing the telescope to 
its final situation on tlie limb of the circle, and retaining 
it there till the reading off " is finished, 

( 1^.3 This application of the telescope may be con- 
sidefwji.completely annihilating that part of the error of 
observa^bn which might otherwise arise from erroneous 
estimation of the direction in which an object lies from 
the observer's eye, or from the centre of the instrument. 
It is, in fact, the grand source of all the precision of 
modem astronomy, without which all other refinements 
.in instrumental workmanship would be thrown away ; 
*the errors capable of being committed in pointing to an 
object, without such assistance, being far greater than 
w'hat could arise from any but the very coarsest gradu- 
ation.^ In fact, the telescope thus applied becomes,, witli 
rcsfiect to angular, what the microscope is with respect 
to linear dimension. By concentrating attentu>n «n its 
smallest points, and magnifying into palpable intervals 
the minutest difierenccs, it enables us not only to scru- 
tinize the form and structure of the objects to which it 
is pointed, but to refer their apparent places, with all 
but geometrical precision, to the parts of any scale with 
which we propose to^mpare them. 

( 133 .) The simplest mode in wliich the measure* 

* The honour of thix CMiital iniiirovcmcnt has been successfullT vin- 
diontcti by Derhain (FliiK Trans, xxx. (iOS.) to our young, talented, and 
unfortunate countryman Gascoigne, from his correspondence with Crabtree 
and Horrockes, in nia (Dcrham*s) possession. The pamages cited by Der- 
hoin tVoni thoiM> letters leave no doubt that, so early as IfrK), Gascoigne 
had applicfl telrscopes to his (juadrants niid sextants. wiYA tAreatis m 
the common foemqf fhegiasses ; and had even carried the invention so far 
as to illuminate the field of view by artificial light, which he found ** verj/ 
iurlpfitl ivhen the moofi ajtpcareth nof, ariti$ not olherufite Ught enoughj* 
These inventions were O'ccly communicated by him to Cnbtree, and through 
him to his Uignd Hnrrockcs. the pride and boast of Br^h astronomy : both 
of wiimn extressed their unbounded admiration of this and many other w 
hid delicate and admirable improvemenU in the art of otiservation. Cos. 
coigne, however, perished, at the age of twonty-th^, ^ the batOeof Mar. 
•ton Moor ; and the premature and sudden death of Horrockei, at a yet 
earlier age, will account for the temporary oblivion of the invention. It was 
revived, or rc-inventod, in Ifi67, by Picard and Ausout (Lalande. AgOwh 
£3]a), after which iu use became universal. Morin, even earlier than Gas. 
coigne (in had proposed to substitute the telesrape for |^in sights ; 

but it U the thread or wire stretched in the focus with which tlie image of 
asUr can be brought to exact coinddencs^grhich gives the telescope its ad- 
vantage in pmctice : and the idea of this ddcsnot seem to have occurred to 
MMrIn. (See Lalande, sifiififpnL) 
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ment of an angular interval can be executed^ is what we 
have just described; but^ in strictness^ this mode is 
applicable only to terrestrial angles^such as those occu- 
pied on the sensible horizon by tlie objects which sur- 
round our §tation^ — because these only rmain stationary 
during the interval while the telescope is shi^W^ the 
limb from one object to the other. But t&i^diurnal 
motion of the heavens^ by destroying this essential con- 
dition^ renders tlie direct measurement of angular dis- 
tance from phjeet to object by this means impossible. 
The same v/pjection^ hovrever, does not apply if we seek 
only to determine the interval between the diurnal circl^ 
described by any two celestial objects. Suppose evei^ 
star^ in its diurnal revolution^ were to leave bcliind it a 
visible trace in ihe heavens^ — a fine line of lights for 
instance^ — then a telescope once pointed to a star^ so as 
to have its image brought to coincidence with tlie inter. 
sertR)n«of the wdres, would constantly remain pointed 
to some poriioa or other of this line> which would there-* 
fore continue to appear in its held as a luminous line, 
permanently intersecting the same point, till the star 
came round again. From one such line to another the 
telescoj^ might be shifted, at leisure, without error ; 
and then the angular interval h^wcen the two di\^nal 
circles, in the plane of the telescope' » rotation, might be 
measured. Now, though we dbnnot see the path of a 
star in the heavens, we can wait till the star itself 
crosses the held of view, and seize the moment of Its 
passage to place the intersection of its wires so that the 
Stan Hall traverse it ; by which, when the telescope is 
well'' w&mped, we equally well secure the position of its 
diiy |1 circle as if we continued to see it ever so long. 
'^The leading off of the limb may then be performed at 
leisuifer,; and when another star comes round into the 
<^iiane hi the circle, we may unclamp the tiBl^^cope, and 
' a similar observation will enable us ta assign the place 
of its diurnal circle on the limb : and the observations 
may be repeated altejpately, eve^ day, as the stars 
pass, till we are satisfi^ with their result. • 
o 4 
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(134.) This is the principle of the mural' circle^ » 
which is nothing more than such a circle as we have 
descriherl in art. 129 ., firmly supported, in the plane 
of the meridian, on a long and powerful horizontal 
axis. This axis is let into a massive or wall, of 
8ton4^(whcnce the nione of the i^ruinient), and so 
sGCUxIS by screws sii to be capable of adjustment both 
in a vertical and horizontal direction ; so that, likb tine 
axis of tile transit, it can 1)e maintained in the exact 
direction of the east and west points of the horizon, the 
plane of the circle b^ng consequently truly meridional. 

The meridian, Ijcing at right angles to all 
tw^urnal circles descrilaid })y the stars, its arc inter- 
cei|iU^ between atiy two of tliem will measure the least 
distance between these circles, and will be equal to the 
difierence of tlic declinations, as also |to the difference 
of the meridian altitudes of the objects .—at least when 
corrected for refraction. These differences, tl^ii» anahe 
angular intervals directly measured by tUp^dral circk. 
Bi^from tliese, supposing the law of ref%£tion known, 
U ^9 taisy to conclude, not their differenci^ only, but the 
themselves, as we shall now explain. 

(13C.) The dec^ation of a heavenly bo^ js the 
complement of ita from the pole. ll M pdle. 

being a point in the ^i^dian, might be direct^ 
on the limb of the circle^^ any star stood exactly therein; 
and thence the polar distancesy and, of course, dhe de- 
clinations of all the rest, might be at once dwnnitied. 
But this not being the case, a bright star as near the 
pole as can be found is selected, anfl observecMn its up. 
per and kvoer culminations ; that is, w]^ it passes the 
meridian above and below the pole, distance 

from the j^lc remains the same, 
ihg off the circle in the two cases is; of co^mflULen 
corregkd Ijpimpction), equal twice 
tanoe t>f the arc interce];^^ on tltalwb m the 

circle being, case, equal t^We angular diameter 

of the star’s diurnal circle. anaqjgsd diagnito, 

H P O repvesents the celestiuj|Pidiaiipp the pole« 
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B A Q, CD the diurnal circles of stars which ar- 
I rive on the meridian — at B A and C in their upper 



and at U Q D in their lower culminations, of which 
D happens above the horizon 11 0, P is the pole ; 
and i^^wcffmippoae h p u io be the muial circle, having 
S fcr its h a cp <i will lie the points on its 

circumference currcbpoinling to B A C P D in tka 
heavens. Now, the arcs ha, he,hd^ and cd are givo|^gi|- 
mediately by observation ; and since C P=sP 1), w^Kvitl'' 
also c and each of them consequently 

the polar point, as it upon the limb 

of Womes known, aniy^ ^es pb, p a, f 

which represent on the circle tSi * polar dutanccft re- 
quired, become also known. 

situation of the pole star, which is a 
very brilliant one, is eminently favourable for this pur. 
pose, being only about a degree and a half from the 
pole ; it is, tliei^ore, the star usually ahd almost solely 
chosen for tbiMpportant purpose ; the more (specially 
hecaiAyto4flwWln^^ taking place at great and 
not vinBubrent altitudes, the lefractioiip by which 
they ai'e of^^sraall amouutj^j^ dUfe^ut 

Blighdjntijllraich other, so that dieir t(9||Mlon is easily 
aud safely applied. brightness oi%e pole star, 
too» i^wa eadfe^served in the daytime, in 

coDSequenee INkse p4waxitieB, this star is ofle of con. 



90 A TREATISE ON ASTRONOMY. CHAP. 11 

stant resort with astronomers for the adjustment and 
verification of instruments of almost every description. 
In the case of the transit^ for example^ it furnishes a 
ready means of ascertainiiiK whether the plane of the 
telescope's motion is coincident uith the meridian. For 
since this latter plane bisects its diurnal circle, the 
eastern and the western portion of it require equal times 
for their description. Let, therefore, the moments of 
its transit above and below the pole be noted; and if 
they arc found to follow at equal intervals of 12 sidereal 
hours, we may conclude with certainty that tlie plane of 
the telescope’s motion is meridional, or the position of 
its horizontal axis exactly east and west. But if it 
pass from one to tlie other apparent culmination in un. 
equal intervals of time, it is equally certain that an 
extra-meridional error must exist, the deviation lying 
towu'-da that side on which the least interval is occupied. 
And the axis must be moved in arimvth acc'prdingly^ 
till the difiercnce iu question disappears on repeating 
die observations. 

(ids.) The place of the polar point on the limb 
of the mural circle once determined^ becomes an origin, 
or zero point,, from which the polar distances of all 
objects, referred to ^ other points on the same lines, 
reckon. It matters not whether the actual commence, 
ment 0° of the graduations stand there, or not ; since 
it is only by the difference of die readings that Ae arcs 
on the limb are determined ; and hence a great advan- 
tage is obtained in the power of commencing anew 
a fmsh series of observations, in which a difierent 
part of the circumference of the circle shall lie employed, 
and diflTerent graduations brought into use, by which 
ioequalit^B of division may he detected |ad neutralized. 
This is accomplished practically by detailing tele, 
scope frojn its old hearings on the circle^ and &ing it 
afr^ on a different part of the circumference* 

( 139 .) A point on the limb of the mnnd circle, 
not less important than the polar pointy is tkp krHimkU 
point, whzA, being once knowA^ hecoiii0|J|(‘lite& 
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ner an origin^ or zero point, from which altitudes are 
( reckoned. The principle of its determination is ulti. 
mately nearly the same with that of the polar point. 
As no star exists in the celestial horizon, the jibscrver 
must seek to determine two points on the limb^e one 
of wliich shall *bc precisely as far below the horizontal 
point as the other is aliove it. For this purpose, a star 
is observed at its culmination on one night, by pointing 
the telescope directly to it, and the next, by pointing to 
the image of the same star reflected in the still, unruffled 
surface of a fluid at perfect rest. Mercury, as the most 
. reflective fluid known, is generally chosen for that use. 
As tlie surface of a fluid at rest is necessarily horizontal, 
and as the angle of reflection, by the laws of optics, is 
equal to that of incidence, this image will he just as 
much depressed below the horizon, as tlie star itself is 
elevated above it (allowing for the difierence of refrac- 
tion ist the moments of oWrvation). I'he arc inter- 
cepted on the limb of tlie circle between the star and 
its reflected image thus consecutively observed, when 
corrected for refraction, is the double altitude of the 
star, and its point of bisection the horizontal point. 
The reflecting surface of a fluid so used for the deter- 
mination of the altitudes of object^ is called an artificial 
horizon, , 

(14*0.) The mural circle is,^ in fact, at the same 
time, a transit instrument; and, if fumislied with a 
proper system of vertical wires in the focus of its tele, 
scope, may be used as such. As the axis, however, is 
only supported at one end, it has not the strength and 
permanence necessary for the more delicate purposes of 
a transit ; npr can it he verified, as a transit may, by 
the reversal"^ the two ends of its axis, eas^for west. 
Nothip, bcfmver, prevents a divided circle being per. 
manei^ fialt^ed on the axis of a transit iytniment, 
near to doe of its extremities, so as to revolve with it, 
the read^ off being performed by a microscope fixed 
on Jts piers, fiuch an instrument is called a 
or a^IttRiDiAN CIRCLE, ancUserves for 
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the simultaneous determination of the right ascensions 
and polar distances of objects observed with it; the time s 
of transit being noted by the clock, and the circle being 
read off by ibe lateral microscope. 

(141.) The determination of the horizontal point 
on the limb of an instrument is of such essential import- 
ance in astronomy, that the stuilent should be made 
acquainted with every means emplo]^ for this purpose, 
^hese are, the artificial horizon, the plumb-line, the 
level, and the floating collimator. The artificial horizon 
has been already explained. Tlie plumb-line is a fine 
thread or wire, to which is suspended a weight, w'hosc • 
osciHations are impeded and quickly reduced to rest by 
plunging it in water. The direction ultimately assumetl 
by such a line, admitting i/jf perfect flejctbility, is that of 
grarity, or perpendicular to the surface of still water. 
Its application to the purposes of astronomy is, however, 
so delicate, and difficult, and liable to error, u»ile«i ex- 
traordinary precautions are taken in its use, that it is at 
present almost universally abandoned, for tlie more con- 
venient and equally exaet instrument the level. 

(142.) The level is nothing more than a glass tube 
nearly filled with a liquid, (spirit of wine lieing that 



now genejally used, on account of its extreme mohU 
Htp, and i^ot ^ing liable to freeze,) the babble in which, 
when the tube is placed horizontally, wou^ ;rest indif- 
ferently if any part if the tube could be ifitthematically 
etraight. But that being impossible to exegite, and 
every tube having some slight curvature, if convex 
side be placed upwards, &e bubble will 
higher paft, as in the figure (where the eomture'is 
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purposely exaggerated). Suppose such, a tiil)e as A 11 
firmly fastened on a straight bar, 0 D, and marked at a h, 
^rwo points distant by tlie length of the bubble ; then, if 
the instrument be so ])lace(l that the bubble shall occupy 
this interval, it is clear that C I> can have no other than 
one definite inclination to the horizon ; because, were 
it ever so Little moved one way jot other, the bubble 
would shift its pl<^^ and run towards the elevated side. 
Suppose, now, thal^e would ascertain whether any given 
line 1* Q l)e horizontal ; let the base of the level C D 
be s(*t upon it, and note the points a h, l)etween which 
. the bubble is exactly contained ; then turn the level end 
for end, so that C shall rest on Q, and I) on P. If then 
the bubble continue to occupy the same place between 
a and />, it is evident that P Q can be no otberwdse than 
liorizontal. If not, the side towards which the bubble 
runs is highest, and must he lowered. Astronomical 
leveli^ar^ furniblied with a divided scale, by which the 
places of the ends of the bubble can he nicely marked ; 
and it is said that they can be executed with such de- 
licacy, as to indicate a single second of angular deviation 
from exact horizonttality. 

(143.) The mode in which a level may be applied 
to find the horizontal point on the limb of a vertical 
dividefl circle may be thus explained : Let A B be a 
telescope firmly fixed to such a circle, DEF, and move. 
a b 
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able in one 'with it on a horizontal axis which must 
be like that of a transit^ susceptible of reversal (sce^ 
art. 127-)^ which the circle is inseparably 

connected. Direct tlie telescope on some distant well- 
dehned object and bisect it by its horizontal wire^ 
and in this position clamp it fast. Let L be a level 
fastened *at right angles to an arm, LEF, furnished 
with a microscope, or vcTiiier at F, and, if we please, an- 
other at E. Let this arm be fitted hy grinding on the 
axis C, but capable of moving smoothly on it without 
carrying it round, and also of being clamped fast on it, 
so as to prevent it from moving until required. While . 
the telescope is kept fixed on the object S, let the level 
be set so as to bring its bubble to the marks a h, and 
damp it there. Then will the arm L C F have some 
certain determinate inclination (no matter what) to the 
horizon. In this position let the circle he read off* at 
F, and then let the whole apparatus he revemeil by turn- 
ing its horizontal axis end for end, without nnehmping 
the level arm from the axis. This done, by the motion 
of the whole instrument (level and all) on its axis, 
restore the level to its horizontal position with the bubble 
at a b. Then wt are sure that the telescope has now 
the same inclination to the horizon the other way, that 
it had when pointed to S, and the reading off at F will 
not have been changed. Now unclamp the level, and, 
keeping it nearly horizontal, turn round the circle on the 
axis, 60 as to carry back the telescope through the zenith 
to S, and in that position clamp the circle and telescope 
fast. Then it is evident that an angle equal to twice 
the zenith distance of S has been moved over by the 
axis of the telescope from its last position. Lastly, 
without finclamping the telescope and circle, let the 
jevel be** once more rectified. Then will the arm 
LEF once more assume the same definite position 
with resect to the horizon ; and, consequently, if the 
circle be again read off, the difference between this 
and the previous reading roust measure the arc of its 
circumference w^hich has passed under the point 
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which may he consWered as having all the while re- 
tained an invariable position. This difterence, then, 
^will be the double zenith distance of and its half the 
zenith distance simply^ the complement of which is 
its altitude. Thus altitude corresponding to a given 
reading of the limb becomes known> or, in other words, 
the horizontal point on the limb is ascertained. Cir. 
cuitous as this process may appear, there is no other 
mode of employing the level for this purpose which does 
not in the end come to the same thing. Most com- 
monly, however, the level is used as a mere 
rcfercMicc, to preserve a horizontal point once well deter- 
mined by other means, which is done by adjusting it so 
as to stand level when the telescope is truly horizontal, 
and thus leaving it depending on the permanence of its 
adjusliueiit. 

(144.) The last, hut probably not the least exact, 
as it jertainly is, in innumerable cases, the most conve- 
nient means of ascertaining the pointy is that 

afforded by the floating collimator, a recent invention of 
captain Kater. This elegant instrument is nothing 
more than a small telescope funnshed with a crciss-wirc 
in its focus, and fastened horizontally, or as nearly so 
as may lx% on a flat iron float, which is made to swim 
on mercury, and which, of course, will, when left to 
itself, assume always one and the same invariable in- 
clination to the horizon. If the cross- wires of die (:ol. 



limator be illuminated by a lamp, being in tbt focus of 
its object-glass, the rays from them will issue parallel, 
and will therefore be in a fit state to be brought to a 
focus by the object-glass of any other telescope, in 
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which they will form an image as if they came from a 
celestial object in their direction^ i. e. at an altitude equal 
to their inclination. Thus the intersection of the cross 
of the collimator may be observed as if it were a star, 
and that^ however near the two telescopes are to each 
other. By transferring then^ the collimator still floats 
ing on a vessel of mercury from the one side to the other 
of a circle, we are furnished with two quasi-celestial 
objects, at precisely equal altitudes, on opposite sides of 
the centre ; and if these be o])stTved in succession with 
the telescope of the circle, bringing its cross to bisect 
the image of the cross of the ccflliraator (for which, 
end the wires of the latter cross are purposely set 
45'^ inclined to the horizon) the dif- 
V\, ference of the readings on its limb 

:* will be twice the zenith distance of 

either ; whence, as in the last article, 
'\\ the horizontal or zenith pojntjs im- 

'' ' mediately determined.* 

(145.) The transit and mural circle are essentially 
meridiail,. instruments, being used only to observe the 
stars af the moment of their meridian passage. Inde- 
pendent of tliis being the most favourable moment 
for seeing them, it is that in which their diurnal mo- 
tion is parallel to the horizon. It is therefore easier 
at this time than it could be at any other, to place the 
telescope exactly in their true direction ; since their 
apparent course in the field of view being parallel to the 
horizontal thread of the system of wires therein, they 
may, by giving a fine motion to the telescope, be brought 
to exact coincidence with it, and time may he allowed to 
examine and correct tills coincidence, if not at first ac. 
curately I»it, which is the case in no other situation. 
Generally speaking, all angular magnitudes, which it is 
of importance to ascertain exactly, should, if possible, 
be observed at their maxima or minima of increase or 


* Another, and, in many retpecU, preferable foiin of the SoaUngcdli* 
mator, in which the teiewope it verUcttlf and whereby the xeSitk point it 
directly atceitaincd, U dcicribed in the Phil. Trans. p. 2^., by 
tame author.*' 
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diminution ; because at these points they remain not per- 
ceptibly changed during a time long enough to com- 
plete^ and even, in many cases, to repeat and verify, 
our observations in a care'fol and leisurely manner. 
The angle which, in the case before us, is in this pre- 
dicament, is the altitude of the star, which attains its 
maximum or minimum on the meridian, and which is 
measured on* the limb of the mural circle. 

(140.) The purposes of astronomy, however, re- 
quire tiiat an observer should possess the means of 
observing any object not directly on the meridian, but 
at any point of its diurnal course, or wherever it may 
present itself in the heavens. Now, a point in the 
sphere is determined by reference to two great circles at 
riglit angles to each other ; or of two circles one of 
which passes through the pole of the other. These, in 
the language of geometry, are co-ordinates by which its 
situjyjoni^ is ascertained : for instance, — on the eartli, a 
place is known if wc know its longitude and latitude ; 
— in the starry heavens, if we know its right ascension 
and declination; — in the visible hemisphere if we 
know its azimuth and altitude, &c. 

(147.) To observe an object at any point of ita 
diurnal course, we must possess tlie means of directing 
a telescoiie to it ; which, therefore, must be capable of 
motion in two planes at right angles to each other ; a^d 
the amount of its angular motion in each must be 
measured on two circles co-ordinate to each other, whose 
planes must be parallel to those in which the telescope 
moves. The practical accomplishment of this condition 
is eftected by making the axis of one of the circles pe- 
netrate that of the other at right angles. The pierced 
axis turns on fixed supports, while the otl^r has no 
connection with any external support, but is sustained 
entirely by that which it penetrates, which is strength- 
ened and enlarged at the point of penetration to receive 
it. The annexed figure exhibits the simplest form of 
such a combination, though by no means the best in 
point of mechanism. The two circles are sread qff by 

If 
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verniers^ or microscopes ; tLe one attached to the fixed 
support ivhich carries the principal axis^ the other to an 
arm projecting from thai Both circles also are 

susceptible of licing cl afdj jS M i, the clamps being attached 
to the same ultimate liearing with which the apparatus 
for reading off is connected. 

(148.) It is manifest that such a combination, how- 
ever its principal axis be pointed (provided that its 
direction be invariable)^ will enable ns to ascertain 

the situation of any ob. 
ject with respect to the 
observer's station, by 
angles reckoned upon 
two great circles in the 
visible hemisphere, one 
of which has for its 
poles the prolongations 
of the prmci£>a], axis 
or the vanishing ptunts 
of a system of lines 
parallel to it, and the 
other passes always 
through these poles : 
for former great 
circle is the vanishing 
liner of all planes pa- 
rallel to the circle A B, 
while the latter, in any position of the instrument, is 
the vanishing line of all the planes parallel to tlie circle G 
H ; and these two planes bdng, by the construction of 
the instrument, at right angles, the great circles, vnhich 
are their vanishing lines, must be so too. Now, if two 
great circles of a sphere he at right angles to each otlier, 
the one will always pass through the otlier’s poles. 

(14£).) ^There are, however, but two positions in 
which such an apparatus can he mounted so as to be of 
any practical utl^ty in astronomy. The first is, when 
the principal axis C D is parallel to the earth*s axis, and 
ther^ore paints to the poles of the heavens which artf 
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the vanishing points of all lines in this system of pa- 
^ rallels; anil when^ of course, the plane of the circle 
A B is parallel to the eartltV^^uator, and therefore has 
the equinoctial for its vanfifi^g circle, and measures, 
by its arcs read off, hour angles, or differences of right 
ascension. In this case, the great circles in the heavens^ 
corresponding . to the various positions, which the 
circle G H can be made to assume, by tlie rotation of 
the instrumont round its axis C D, are all hour-circles ; 
and the arcs read off on this circle will be dech'nations, 
or polar distances, or their differences. 

(1.00.) In this position the apparatus assumes the 
name of an equatorial ^ or, as it was formerly called, a 
parnltactic instrument. It is one of the most convenient 
instruments for all such observations as require an ob. 
ject to Ik! kept long in view, because, l)eing once set 
upon the object, it can he followed as long as we please 
by motion, i.e. by merely turning the whole 

apparatus round on its polar axis. For since, wlien the 
telescope is set on a star, the angle between its direction 
and that of the polar axis is equal to the polar distance 
of the star, it follows, that when turned about its axis, 
without altering the position of the telescoiK* on tlie 
circle (ill, the point to which it is directed will always 
lie in the small circle of the heavens coincident with tJie 
star’s diurnal path. In many observations this is 
inestimable advantage, and one which belongs to no other 
instrument, '/’he equatorial is also used for determin- 
ing the place of an unknown by comparison with that 
of a known object, in a manner to be described in the 
fourA chapter. The adjustments of the equatorial are 
somewhat complicated and difficult. They arc best per* 
formed by following the pole-star round ftie entire 
diurnal circle, and by observing, at proper intervals, 
other considerable stars whose places are iiiell ascer. 
tainea.* 

(151.) The other position in wl^ such a com- 

See Uttfow on Che Acyiutment of the EquafcorlsL.. Afem. Jdroit. 
Soe, voLii, i>.i3. 

B 2 



100 A TREATISE OK ASTRONOMY. CHAP. II. 

pound apparatus as ive have described in art. 1 47. 
niaj' be advantageously mounted, is that in which the 
principal axis occupies a vertical position, and the 
one circle^ A B, consequently corresponds to the ce- 
lestial horizon, and the other, G H, to a vertical circle of 
the heavens. The angles measured on the former are 
therefore azimuths, or differences of azimuth, and those 
on the latter zenith distances, or altitudes, according as 
the graduation commences from the upper point of its 
limb, or from one 911^ distant from it. It is therefore 
known by the name of an azimuth and altitude instru^ 
ment. The vertical position of its principal axis is sc. 
cured either by a plumb-line suspended from the upper 
end, which, however it be turned round, should continue 
always to intersect one and the same fiducial mark near 
its lower extremity, or by a level fixed directly across it, 
whose bubble ought not to shift its ])lace, on moving the 
instrument in azimuth. The north or south (poiut on 
the horizontal circle is ascertained by bringing the ver- 
tical circle to coincide with the plane of the meridian, 
by tlie same criterion by which the azimuthal adjust- 
ment of the transit is performed (art. and 

noting, in this position, the reading off of the lower 
circle, or by the following process. 

(152.) Let a bright star be observed at a con. 
siderable distance to the east of the meridian, by bring, 
ing it on the cross wires of the telesct){>e. In this po. 
sition let the horizontal circle be read off, and the 
telescope securely j;lam{)ed on the vertical one. M'^hen 
the star has passed the meridian, and is in the descend. 
jng point of its daily course, let it be followed by moving 
the whole instrument round to the west, without, how. 
ever, unc\limping the telescope, until it comes into the 
field of view ; and until, by continuing tlie horizontal 
motion, tl^e star and the cross of the wires come once 
more to coincide. In this position it is evident the star 
must have the ^ne precise altitude above the western 
horizon, that it had at the moment of the first ob. 
zeryatiou cbovc the eastern. At this point let the mo. 
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tion be arrested^ and the horizontal circle he again read off. 
The difference of the readings will be the azimuthal arc 
described in the interval. Now^ it is evident that when 
the altitudes of any star are equal on cither side of the 
meridian^ its azimuths^ whether reckoned both from the 
north or both from the south point of the horizon^ must 
also be equal, consequently the north or south point 
of the horizon must bisect the azimuthal arc thus deter, 
mined, and will therefore become known. 

(153.) This method of determining the north and 
south points of a horizontal circle (by which, when 
know'n, we may draw a meridian line) is called the 
“ method of t'qual altitudes/' and is of great and con- 
stant use in practical astronomy. If vfh note, at the 
moments of the two observations, the time, by a clock or 
chronometer, the instant halfway between them wdll be 
the moment of the star's meridian passage, which may 
thu9i}C «lctermine(l without a transit ; and, viae varnu, 
the error of a clock or chronometer may by this process 
be discovered. For this last purpose, it is not neces- 
sary that our instrument should be provided with a hori- 
zontal circle at all. Any means by which altitudes can 
Ije measured will enable us to determine the moments 
when the same star arrives at egual altitudes in the 
eastern and western halves of its diurnal course; and, 
these once known, the instant of meridian passage add 
the error of the clock become also known. 

(154.) One of the chief purposes to whidi the 
altitude and azimuth circle is applicable is iJie inves. 
tigation of the amount and laws of refraction. For, by 
following with it a circumpolar star which passes the 
zenith, and another which grazes the horizon, through 
their whole diurnal course, the exact appar^ form of 
their diurnal orbits, or the ovals into which their circles 
are distorted by refraction, can he traced; andyiheir devi. 
ation from circles, being at every moment given by the 
nature of the observation in the direction in which the 
refraction itself takes place (i. e. in altitude), is made a 
matter of direct observation. 

11 3 
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(155.) The zenith sector and the theodolite are 
peculiar modifications of the altitude and azimuth instru- 
ment. The former is adapted for the very exact observ. 
ation of stars in or near the zenidi, hj^ giving a great 
length to the vertical axis^ and suppressing all tlie cir- 
cumference of the vertical circle, except a few degrees 
of its lower part, by which a great length of radius, 
and a consequent proportional enlargement of the divi- 
sions of its arc, is obtained. 'J'he latter is especially 
devoted to the measure of horizontal angles between 
terrestrial objects, in which the telescope never requires 
to be elevated more than a few degrees, and in which, 
tlierefore, the vertical circle is either dispenst'd with, or 
executed on a smaller scale, and witli less delicacy; 
while, on the other hand, great care is bestowed on 
securing the exact perpendicularity of the plane of the 
telescope’s motion, by resting its horizontal axis on two 
su27purts like the piers of a transit-instnimejst, ^'hile 
themselves are firmly bedded on the spokes of the hori- 
zontal circle, and turn with it. 

(15().) The last instrument we shall describe is 
one by whose aid the direct angular distance of any two 
l>bjccts may he measured, or the altitude of a single one 
determined, either by measuring its distance from the 
visible horizon (such as (he sea-offing, allowing for its 
dip), or from its owi reflexion on the surface of mer- 
cury. It is the sextant, or quadrant, commonly called 
JTad%'s, from its reputed inventor, though the priority 
of invention belongs undoubtedly to Newton, 'whose 
claims to the gratitude of the navigator are thus douhinsil^ 
by his having furnished at once the only theory by 
which his vessel can be securely guided, and the only 
instrumeol which has ever been found to avail, in ap- 
plying that theory to its nautical uses.* 

* Newton Communicated it to Dr. Halley, who suppieiied it The de- 
fcriptlon of the inatrument waa found, after the death of Halley, among hit 
papers. In Newton's own handwriting, by hit executor, who communicated 
the paiKirs to the Koyal Society, twenty <fiTe years alter Newton'S death, 
and tderen after the piiblicatiou of Hadley’s Invention, which might be, 
anw'isrobably was, independent of «iy knowledge of Newton's, though 
HuUM Inainuates the contrary. 
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(1,57*) The principle of this instrument is the op. 
' tical property of reflected rays^ tlius announced : — The 



angle between tlic first and last directions of a ray which 
has suffered two reflexions in one plane is equal to twice 
the inclination of the reflecting surfaces to each other." 
Let A B be the limb^ or graduated arc^ of a portion of 
a circle T50° in extent, but divided into 120 equal parts. 
< )n the radius C B a silvercil plane glass 1) be fixed, 
at right angles to the plane of die circle, and on die 
moveable radius C E let another such silvered glass, C, 
he flxed. The glass D is permanently fixed parallel to 
A (/, and only one half of it is silvered, the other half 
allowing objects to be seen through it. The glass V is 
wholly silvered, and its plane is parallel to the loXXgtb 
of the moveable radius CE, at the extremity ll, of 
which a vernier is placed to read off the divisiona of the 
limb. On the radius A 0 is set a telescope F, mrough 
which any object, Q, may be seen by direct rays which 
through the unsilvered portion of the glass D, 
while another object, P, is seen through the same tel|h 
scope by rays, which, after reflexion at C, «)iave b^ii 
thrown upon the silvered part of D, and %re thence 
directed by a second reflexion into the telescope* The 
two images so formed will both be seen in^the field of 
view at once, and by moving die radius € E will (if die 
reflectors be truly perpendicular to the plane of die circle) 
oaeet and pass over, without obliterating each othe&.^|f)ic 
motion, however^ is arrested when they meet, 

H 4 ^ " 
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point the angle included between the direction C P of one 
object, and FQ of the other^ is twice the angle EC A I 
included between the fixed and moveable radii C A, CE. 
Now^ the graduations of the limb being purposely made 
only half as distant as would correspond to degrees, the 
arc A E, when read off^ as if the graduations were whole 
degrees, will, in fact, read double its real amount, and 
therefore the numbers to rerd off will express not the 
angle EC A, but its double, the angle subtended by the 
objects. 

. (158.) To determine the exact distances between 
stars by direct observation is comparatively of little 
service ; but in nautical astronomy the measurement of 
their distances from the moon, and of their altitudes, is of 
essential importance ; and as the sextant requires no 
fixed support, but can be held in the hand, and used on 
ship-hoard, the utility of the instrument l)ecomes at 
once obvious. For altitudes at sea, as no leveU phmib- 
lino, or artificial horizon can he used, the sea-ofiing 
affords the only resource ; and the image of the star 
observed, seen by reflexion, is brought to coincide with 
the boundary of the sea seen by direct rays. I'hus the 
altitude alwve the sea-line is found ; and this corrected 
for the dip of the horison (art. 24.) gives the true 
altitude of the star. On land, an artificial horiion may 
be used (art. 13{)-)y and the consideration of dip is ren- 
dered unnecessary. 

The reflecting circle is an instrument destined 
for the same uses as the sextant, but more complete, 
the circle being entire, and the divisions carried all 
round. It is usually furnished with three verniers, so 
as to admit of three distinct readings off, by the average 
of which the error of graduation and of reading is 
reduced. This is altogether a very refined and elegan 
instrument. 

(KiO.) *We must not conclude this chapter ^vithout 
mention of the principle of repetition ; ** an invention 
of Borda, by which the error of graduation may be 
diminisheMito any degree, and, practically speaking, an- 
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nihilated. I^et P Q be two bbjects which we may suppose 
I Axed^ for purposes of mere explanation, and let K L be a 



toloscope moveable on 0, the common axis of two 
circles, AML and aht\ of which the former, A M L, 
is adfeblufely fixed in the plane of the objects, and carries 
the graduations, and the latter is freely moveable on 
the axis. The telescope is attached permanently to the 
latter circle, and moves with it. An arm OuA 
carries the index, or vernier, which reads oflP the gra- 
duated limb of the fixed circle. This arm is provided 
with two clamps, by which it can be temporarily Con- 
nected with either circle, and detached at pleasur*;. 
Suppose, now, the telescope directed to P. Clamp the 
index arm O A to the inner circle, and unclamp.i|.from 
the outer, and read off. Then carry the telescop^^uiul 
to the other object Q. In so doing, the inner circle, 
and the index-arm which is clamped to it, will also be 
carried round, over an arc A B, on the graduated limb 
of the outer, equal to the angle P 0 Q. Now^clamp the 
index to the outer circle, and unclamp the inner, and 
read off: tlic difference of readings will of course 
measure the angle P 0 Q ; but the result witt be liable 
to two sources of error — that of graduation and that of 
observation, both which it is our object to get rid of. 
To this end transfer the telescope hack to P, without 
unclamping the arm from the outer circle ; f/fen, having 


106 A TREATISE OK ASTBONOUT. ORAP. II. 

made the bisection of clamp the arm to and un- 
clamp it from and again transfer the telescope to Qjl 
by which the arm will now l>e carried with it to C, over 
a second arc^ B C, equal to the angle P O Q. Now 
again read ofF ; then will the difference between this 
reading and the original one measure twice the angle 
POQ, affected with both errors of observation, but 
only with the same error of graduation as before. Let 
this process be repeated as often as we please (suppose 
ten times) ; then will the final arc A B C D read off on 
the circle be ten times the required angle, affected by 
the joint errors of all die ten observations, but only by 
the same constant error of graduation, which depends on 
the initial and final readings off alone. Now the errors 
of observation, when numerous, tend to balance and 
destroy one another ; so that, if sufficiendy multiplied, 
their influence will disappear from tlic result. There 
remains, then, only the constant error of gaadvAtion, 
which comes to be fUvided in the final result by the 
number of observations, and is therefore diminished in 
its influence to one tenth of its x^ossible amount, or to 
less if need be. The abstract beauty and advantage of 
this princiide seem to be counterbalanced in practice 
by some unknowm cause, which, jirobably, must be 
sought for in imperfect clamx>ing. 
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CHAP. III. 

OF GEOGRAPHY. 

UF THK FlGirilE OP THE EARTH. ITS EXACT DIMENSIONS.—- 

m FORM THAT OF EQUILIHRIUM MODIFIED BY CENTRIFUOAL 

FORCE. — variation OF GRAVITY ON ITS SURFACE. STATICAL 

and DYNAMICAL MEASURES OK GRAVITY.— THE TENDUI.UM* 

GRAVITY TO A SPHEROID. OTHER EFFECTS OF EARTH's 

ROTATION. — TRADE WINDS. DETERMINATION OF GKOORA- 

PHICAL POSITIONS. — OF LATITUDES. — OP LONGITUDES.— 

CONDUCT OF A TRIGONOMETRICAL SURVEY OF MAI’S. — PRO- 

IFCTIONS OF THE SPllKRE. MF.ASUKEMENT OP HEIGHTS BY 

THE UAHOMKTEll. 

(l()l.) Gkograpiiv is not only the most important 
of tlft^practical branches of knowledge to which astro- 
numy is applied^ but is also, theoretically speaking, an 
essential part of the latter science. The earth l^ing 
the general station from which we view the heavens, 
a knowletlge of the local situation of iiarticular stations 
on its surface is of great consequence, when we come ^ 
to enquire the distances of the nearer heavenly bodies 
from us, as concluded from observations of their parut 
lax a& well as on all other occasions, whore a differ, 
once of locality can l)e supposed to influence astronomi- 
cal results. We propose, therefore, in thi.s chap^, to 
explain the principles, by which astronomical observa- 
tion is applied to geographical determinations, and to 
give at the same time an outline of geography so far 
as it is to be considered a part of astronomy. 

(162.) Geography, as the word imports, issa deline, 
ation or de^iption of the earth. In its widest sense, 
this compretiends not only the delineation o 4 the form 
of its continents and seas, its rivers and mountains, but 
their physical condition, climates, and products, and 
their appropriation by communities of men. With 
physical and political geography, however, ife have no 
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concern here. Astronomical geography has for its 
objects tlie exact knowledge of the form and dimensions 
of the earth, the parts of its surface occupied by sea 
and land, and the configuration of the surface of the 
latter, regarded as protuberant above the ocean, and 
broken into the various forms of mountain, tabic land, 
and valley ; neither should the form of the bed of the 
ocean, regarded as a continuation of the surface of the 
land beneath the water, be left out of consideration ; 
we know, it is true, very little of it ; but this is an igno- 
rance rather to be lamented, and, if possible, remedied, 
than acquiesced in, inasmuch as there are many very 
important branches of enquiry which would be greatly 
advanced by a better acquaintance with it. 

(l63.) With regard to the figure of the earth ax a 
ft>hole, we have already shown that, speaking loosely, it 
may be regarded as spherical ; but the reader who lias 
duly appreciated the remarks in art. 23. nrill <riOt be 
at a loss to perceive that this result, concluded from 
observations not susceptible of much exactness, and em- 
bracing very small portions of the surface at once, can 
only be regarded as a first approximation, and may 
require to be materially modified by entering into mi- 
nutis before neglected, or by increasing the delicacy 
of our observations, or by including in their extent 
larger areas of its surface. For instance, if it should 
turn out (as it will), on minuter enquiry, that the true 
figure is somewhat elliptical, or fiattened, in the manner 
of an orange, having the diameter which coincides 
with the axis about siath part shorter than the 
diameter of its equatorial circle ; — this is so trifling a 
deviation from the spherical form that, if a model of 
such projiortions were turned in wood, and laid before 
us on a table, the nicest eye or hand woi^ not detect 
the flatteping, since the iflference of dISketers, in a 
globe of sixteen inches, would amount only to of 
an inch. In all common parlance, and for all orcHItory 
purposes, then, it would still be called a globe ; 
neverthekss, by careful measurement, the dfifile^ce 
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would not fail to be noticed^ and^ speaking strictly, it 
fwould be termed, not a globe, but an oblate ellipsoid, 
or spheroid, which is the name appropriated by geometers 
to the form above described. 

(I ())•.) The aectious of such a figure by a plane are 
not circles, but t^llipses ; so that, on such a shaped earth, 
the horizon of a spectator would nowhere (except at 
the poles) be exactly circular, but somewhat elliptical. 
It is easy to demonstrate, however, that its deviation 
from the circular form, arising from so very slight an 
“ eUiptidty** as above supposed, would Ire quite imper- 
ceptible, not only to our eyesight but to the test of the 
dijiscctor ; so that^ by that mode of observation we 
should never be led to notice so small a deviation from 
perfect sphericity. How wc are led to this conclusion, 
as a practical result, will appear, when we have explained 
the means of determining with accuracy the dimensions 
of tiui^hple, or any part of the earth. 

(l6.0.) As wc cannot grasp the earth, nor recede 
from it far enough to view it at once as a whole, and 
compare it with a known standard of measure in any de- 
gree commensurate to its own size, but can only creep 
about upon it, and apply our diminutive measures to com. 
paratively small parts of its vast surface in succession, it 
becomes necessary to supply, by geometrical reasoning,*' 
the defect of our physied powers, and from a delicate 
and careful measurement of such small parts to con. 
elude the form and dimensions of the whole mass. 
This would present little difficulty, if w^e were sure the 
earth were strictly a sphere, for the proportion of the 
circumference of a circle to its diameter being known 
(viz. that of 3' 141 5926 ’ to rOOOOOOO), we have only 
to ascertain the length of the entire circumference of 
any great ^ole, such as a meridian, in mifes, feet 
or any oth^|pitandard units, to know the diameter in 
units of the same kind. Now the circumfereflee of the 
whqie circle is known as soon as we know the exact 
leni^ of any aliquot part of it, such as 1 ^ or part; 
and this, bdng not more than about seventy miles in 
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length, is not beyond the limits of very exact measure- 
meiit, and could, in fact, be measured (if we knew ite 
exact termination at each extremity) within a very few 
feet, or, indeed, inches, by methods presently to be par- 
ticularized. 

(16'fi.) Supposing, then, we were to begin measuring 
with all due nicety from any station, in the exact direo 
tion of a meridian, and go measuring on, till by some 
indication wc were informed that wo had accomplished 
an exact from the point we set out from, our 

problem would then l)e at once resolved. It only re- 
mains. therefore, to enquire by w'bat indications we can 
be sure, 1st, that we hare advanced an ejrart degree ; 
and, iidly, that we have been measuring in the exact 
direction of a great circle, 

( 167 .) Now^, the earth has no landmarks on it to in- 
dicate degrees, nor traces inscribed on its surface to 
guide us in such a course. The compass, ,thoqgh it 
affords a tolerable guide to the mariner or the traveller, 
is far too uncertain in its indications, and too little 
known in its Jaws, to be of any use in such an operation. 
We must, therefore, look outwards, and refer our 
situation on the surface of our globe to natural marks, 
external to it, and which are of equal permanence and 
stability with the earth itself. Such marks are afforded 
by the stars. Ily observations of their meridian altitudes, 
performed at any station, and from their known polar 
distances, we conclude the height of the pole ; and since 
the altitude of the pole is equal to the latitude of the 
place (art. <15. ), the same observ^ations give the lati- 
tudes of any stations where we may establish the requisite 
instruments. When our latitude, then, is found to have 
diminished a degree, we know that, provided m have 
kept to tte meridian, we have described one tlnee hun- 
dred and sixtieth part of the earth's drcuiAference. 

The direction of the meridian may he%. 
cuied at every instant by the observations 
in art. 137. ; and although local difficulties may 
08 to deviate in our measurement from this exact £iec- 
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tion^ yet if we keep a strict account of the amount of 
^is deviation^ a very simple calculation will enable ua 
to reduce oup. observed measure to its meridimal value. 

(J6*9.) Such is the principle of that most important 
geographical operation^ the measurement of an arc of 
the meridian. *In its detail^ however, a somewhat 
modified course must be followed. An observatory can- 
not be mounted and dismounted at every step ; so that 
we cannot identify and measure an exact degree neither 
more nor leas. But this is of no consequence, provided 
we knew with equal precision how much, more or less, 
we have measured. In place, then, of measuring this 
precise ali({UOt part,- wc take tlie more convenient me. 
thod of measuring from one good observing station to 
another, about a degree, or two or three degrees, as the 
case may be, apart, and determining by astronomical 
observation the precise difference of latitudes between 
the stations. 

* Again, it is of great consequence to avoid 
in this operation every source of uncertainty, because an 
error committed in tbc length of a single degree will 
be multiplied S6'0 times in the circumference, and 
nearly 115 times in the diameter of the earth con. 
eluded from it. Any error which may affect the as. 
tronomical determination of a stars altitude will be ' 
especially influential. Now there is still too much un- 
certainty and fluctuation in the amount of refractioa at 
moderate altitudes, not to make it especially desirable 
to avoid this source of error. To effect this, we take 
care to select for observation, at the extreme stations, 
some star which passes through or near the zeniths of 
both. The amount of refraction, within a few degrees 
of the zenith, is very small, ami its fluctuataons and 
uncertainty, in point of quantity, so excesBivel;^ minute 
as to be utteity inappreciable. Now, it is the same thing 
whether we observe the pole to be raised or depressed a 
dqps%;HE_the zenith distance of a star when on the meri- 
dian to We changed by the same quantity. If at one 
station we observe any star to pass through zenith. 
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and at the other to pass one degree south or north of the 
zenith^ we are sure that the geographical latitudes^ o\ 
the altitudes of the pole at the two stations^ must differ 
by the same amount. 

(171*) Granting that the terminal points of one 
degree can be ascertained^ its length may be measured 
by the methods which w'ill l)e presently described, as 
we have before remarked, tp within a very few feet. 
Now, the error which may be committed in fixing each 
of these terminal points cannot exceed that which may 
be committed in the observation of the zenith distance 
of a star, properly situated for tlie purpose in question. 
This error, with proper care, can hardly exceed a jingle 
second. Supposing we grant the possibility of ten feet 
of error in the measured length of one degree, and of 
one second in each of the zenith distances of one star, 
observed at the northern and southcn^lltations, and, 
lastly, suppose all these errors to conspire, so as tp tend 
all of them to give a result greater or all less than the 
trutli, it will appear, by a very easy proportion, that the 
whole amount of error which would he thus entailed 
on an estimate of the earth's diameter, as concluded 
from such a measure, would not exceed 544 yards, or 
about the third part of a mile, and this would be 1«^ 
allowance. 

( 172 .) This, however, supposes that the form of 
the earth is that of a perfect sphere, and, in consetj^enoe, 
the lengths of its degrees in all parts precisely equal. 
But when we come to compare the measures of meri- 
dional arcs made in various parts of the globe, the 
results obtained, although they agree sufficiently to show 
tliat the supposition of a spherical figure is not very 
remote ^rom the truth, yet exhibit discordances far 
greater {ban what we have shown to be attributable to 
error of observation, and which render it evident that 
the hypothesis, in strictness of its wording, is unten- 
able. The following table exhibits the lengths of a 
degree of the meridian (astronomically deteiniiied as 
above described), expressed in British standard feet, as 
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resulting from actual measurement made with all pos- 
Bible care and precision^ by commissioners .of various 
nations, men of tiic first eminence^ supplied by their 
respective governments with the best instruments^ and. 
furnished witli every facility which could tend to en- 
sure a successful result of their important labours.* 


(’ouniry. 


kalitiiftc tX 
iM iililli* ot* 
U>v .Arc 


l«pirlh of 
'hi‘ Dtfurrp 
^oiu ludtwi. 

ObHcrverb. 

.'iwp/k'n 


fill ‘JP 10 

■/ ijv, 

Sf)\77R2 

Svanlicrg. 

iiUiXnia 


fiS 17 o7 

> 5 

i'i/iohJiiR 

Struve. 

EiiKiaitll 


uJ :::‘i 4 ji 

l.‘» 

:?0»P71 

Iloy, Kater. 

Kr.ircA - 


•H: :»2 li 

1 0 


J.a(‘aillf‘, ('assiiii. 

Ki 


41 51 C 

■ I.» 


Delanihre.Mevhiiii 

Boiiii' 


4-» r/f a 

• 47 


noM-ovii'h. 

AitUTiea, U. S 


.;o ly 0 

. 1.7 


Vlasun, Dixon. 

Capi.' o| Mope 

iiuiid 

Intua . w , 

Peru . : 

■I'J iH :io 

Ki 8 

U 82 21 

1 J1 0 

■ ivil 
•1(. 

'..17JJ 

.70 01 i 

liainbti 11 , Everest 

I finibtoi). 
C'oiiduiiiiiie, Sit.. 


It is evident from a mere inspection of the second 
and fourth columns of this table tltat the memured 
length of a degree increases with the latitude, being 
greatest near the poles, and least near the equator. 
jyg||ips now consider what interpretation is to be put 
u^i this conclusion, as regards the form of the earth. i 
(17^-) Sujiposc we held in our hands a model of 
the eahh smoothly turned in wood, it would be^ as 
already observeii, so nearly spherical, that ncitlier by 
the eye nor the touch, unassisted by instruments, could 
wc detect any deviation from that form. Suppose, 
too, we were debarred from measuring directly across 
from surface to surface in different directions with any 
instrument, by which wc might at once ascertairi 
whether one diameter were longer than another*; how, 
then, we may ask, are wc to ascertain whether it is a 
true sphere or not? It is clear that we hav9 no re- 
source, hut to endnsvour to discover, by some nicer 

* The i|ik?<three column* of thin table arc extracted from anions the 
l*rofe«iior'M AIrv'a exoelieut iiafier ♦* On the Fiiiurc of tJ»e 
Earth, ' ju the £nc}‘clo|Media ML'trup(rfuai)d. * 

1 
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means than simple inspection or feelings whether the 
convexity of its surface is the same in every part ; and 
if not^ where it is greatest^ and where least. Suppose^ 
then^ a thin plate of metal to be cut into a concavity at 
its edge^ so as exactly to fit the surface at A: let this 



now be rcMnoved from A, and applied successively to 
several otiicr parts of the surface, taking care to 
keep its plane always on a great circle of llu globe, as 
here represented. If, then, we find any position, B, in 
which the light can enter in the middle between the 
glolMj and plate, or any other, 1 ’, where the latter tilts 
by pressure, or admits the light under its edges, we au; 
sure that the curvature of tlic surface at B is less, and 
at (; greater, than at A. 

(174.) What we here do by the application of a metal 
plate of determinate length and curvature, we do on the 
earth by the measurement of a degree of variation in the 
altitude of the pole. Curvature of a surface is nothing 
but the continual deflection of its tangent from one fixed 
tlirection as v/e advance along it. When, in the same 
measured distance of advance, we find the tangent 
(which answers to our horizon) to have shifted its 
position" with respect to a fixed direction in space, (such 
as the axis of the heavens, or tlie line joining tlie earth’s 
centre and some given star,) more in one part of the 
c.'irtli’s meridian than in another, v^e conclude, of neces- 
sity, that the curvature of the su?face at the former 
spot is greater than at the latter ; and, viee versa, when, 
in ordef to produce the same change of horizon with 
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jtsjiect to the pole (suppose 1®), we require to travel 
jver a huger measured space at one point than at an. 
other, we assign to that point a less curvature. Hence 
we conclude that the curvature of a meridional section 
of the earth is sensibly greater at the equator than 
towards the poles; or, in other words, that the earth is 
not spherical, but flattened at the poles, or, which comes 
to the same, protuberant at the equator. 

(175.) Let N A B D K F represent a mcridion^^l 
section of the earth, C its centre, and NA, BD, CiK, 



arcs of a meridian, each corresponding to one degree of 
dijference of latitude, or to one degree of variation in 
the meridian altitude of a star, as referred to the horizon 
of a spectator travelling along the meridian. JLet nN, 
a A, 6 B, d\), ^ G, 6 £, be the respective directions of the 
plumb Jine at the stations N, A, B, D, G, E, of which 
we ivill suppose N to be at the pole and £ at the equa- 
tor; then will the. tangents to the surface at these 
points respectively be perpendicular to these directions ; 
and, consequently, if each pair, viz. n N «nd a A, 
1 2 
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h B aod (ID, gii and e be prolonged till they iii^ 
teVsect each other (at the points x, y, s), the angles 
N.rA., ByyD, iisE, will each he one degrc?e, and, 
therefore, all equal ; so that tlie small curvilinear arcs 
N A, II 1), G E, may lie regarded as arcs of circles of one 
degree (?ach, described al>out x, y, x, as centres. I’hese 
are what in geometry are called ventres of vurrnture, 
and the radii .r N or a A, yB or y I), arG or -r K, 
represent raftii of nirvtititre, by which the curva.. 
tures at those points are determined and measured, 
So'w, us the arcs of different circles, which subtend 
efjnal angles at their respective centres, are in the direct 
proiiortion of their radii, and as the arc NA is greater 
than 11 1>, and tlmt again than G E, it follow's that the 
/adius N x must he greater than Bf/, and B.v than E r. 
Thus it appears that the mutual intersections of the 
olumh-lines will not, as in the sphere, all coincide in 
one point C, the centre, but will Ix^ arranged rA»i\g a 
certain curve, ayz (which will he rendered more evi- 
dent by considering a number of intermediate stations). 
To this curve geometers have given the name of the 
emlute of the curve NABDG E, from wdiose centres of 
curvature it is constructed. 

1176 .) In the flattening of a round figure at two 
points, and its protuberance at points rectan. 
gularly situated to the former, we recognize the dis- 
tjfltgiLUhing feature of the elliptic form. Accordingly, 
it^C and simplest supposition that we can make 
Hispecting the nature of the meridian, since it is proved 
not to lie a circle, is, that it is an ellipse, or nearly sc*, 
having X S, the axis of the eartli, for its shorter, and 
E F, the equatorial diameter, for its longer axis ; and 
that th^' form of the earth's surface is that which would 
arise from making such a curve revolve about its shorter 
axis NS. This agrees well with the general course 
^f the increase of tlie degree in going from the equator 
to the pole. In Ute ellipse, the radius of curvature at 
E, the extremity of the longer axis is the least, and at 
tliat of <hc shorter axis, the greatest it admits, and the 
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^orm of its erolute agrees with that here represented.* 
Assuming, then, that it is an ellipse, the geometrical 
properties of that airve enable na to assign the pro 
portion between the lengths of its axes which shall 
correspond to any proposed rate of variation in its curv- 
ature, as well as, to fix upon their absolute lengths, cor- 
responding to any assigned lengtit of the degree in a 
given latitude. Without troubling the reader with the 
investigation, (which may be found in any work on the 
conic sections,) it will be sufficient to state that the 
lengths which agree on the whole best with the entire 
series of meridional arcs which have been satisfactorily 
measured, are os follow t: — 

r«*t MiIp*. 

Greater or equatorial dianicter ~ 41,H47,42') « 7925 '648 
Lesser or poliir diameter » 41,707,0*20 7899*170 

l>il)crcni;L- of diaiiiuten, orl isoo/w- <w>.. 7 r 

polar compresbiou / 

• • a 

The proportion of the diameters is very nearly that of 
2,98 : 299 , a^id their difference of the greater^ or a 
very little greater than 

(177.) Thus we see that the rough diameter of 8000 
miles we have hitherto used, is rather too great, tlie ex- 
cess being about 100 miles, or .^th part. We consider 
it extremely improbable that an error to the extent of 
five miles can subsist in the diameters, or an uncertainity 
to that of a tenth of its whole quantity in the com- 
pression just stated. As convenient numbem to re- 
member, the reader may bear in mind, that in oiir» 
latitude there are just as many tfiousands of feet in a 
degree of the meridian as there are days in the year 
(Si)5 ) ; that, speaking loosely, a degree is about 70 
British statute miles, and a second about IQpO feet ; 
and that the equatorial circumference of the earth is a 
little less than 25,000 miles (24,899); ^ 

(178.) The supposition of an elliptie form of the 
earth's section through the axis is recommended by its 

* The dotted tines are the portions of tbe fsvolute belonoinff to tbe other 
Suadrantt. 

4 See Profess. Atry’i Eiay before cited. 

1 3 
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simplicity^ and coniinncd by comparing the numerical 
results we have just set down with those of actual mea- 
surement. When this comparison is executed^ discord, 
ances^ it is true, are observed, which, although still too 
great to lie referred to error of measurement, arc yet so 
Ninall, compared to the errors wdnch would result from 
tlu* spherical hypothesis, as completely to justify our 
regarding the earth as an ellipsoid, and referring the 
observed deviations to either local or, if general, to coin- 
j)aratively small cause's. 

( 179 .) Now, it is highly satisfactory to find that 
t]yt general illiptical figure thus prartirulhf proved to 
exist, is precisely ivhat ought thvontionlly to result from 
the rotation of the earth on its axis. For, let us suppose 
the eartli a sphere, at rest, of uniform materials through- 
emt, and externally covered with an ocean of equal 
licpth in every part. Under such circumstances it 
would obviously be in a stale of cquilihriun^; ^d the 
water on its surface woul<l have no tendency to run 
one way or the otlier. Suppose, nmv, a quantity of its 
materials were taken from the polar regions, and piled 
up all around tUe^luator, so as to produce that differ- 
enci* of tlie polar and equatorial diameters of 2(5 miles 
which we know to exLst. It Is not less evident that a 
mountain ridge or equatorial continent, onlg, would be 
thus formed, from wliicli the water would run down to 
the excavated part at the poles. However solid matter 
might rest where it was placed, the liquid part, at 
least, would not remain there, any more than if it were 
thrown on the side of a hill. The consequence, there- 
fore, would be the formation of two great polar seas, 
hemmed in all round by equatorial land. Now, this is by 
no raean^ the case in namre. The ocean occupies, in. 
diifercntly, all latitudes, with no more partiality to the 
])olar than to the equatorial. Since, then, a&we see, the 
water occupies an elevation above the cemre no less 
than 1 3 miles greater at the equator than at the poles, 
and yet manifests no tendency to leave the former and 
run towards the latter, it is evident that it must be 
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h’Utinpd in that situation by some adequate power. No 
such power, however, would exist in the ease we have 
sufiposcd, which is therefore not conformable to nature. 
In other words, the spherical form is not the figure of 
vquilihrium ; and therefore the earth is either not at rest, 
or is so internally constituted as to attraet the water to 
its oipiatorial regions, and retain it there. For the latter 
supposition there is no primd facie j)robability, nor any 
analogy to lead us to such an idea. The former is in 
aceordanw wdth all the phonoincna of the apparent 
(liurnal motion of the heavens ; and, therefore, if it will 
furnish us with the jmeer in fpiestion, vfc can have, 
no hesitation in adopting it as the true one. 

(ISO.) Now, every body knows that when a weight 
is whirled round, it acquires thereby a tendency to recede 
from the centre of its motion ; wdiich is called the cen- 


trifugal force. A stone whirled round in a sling is a 
comTrrt)n illustration ; but a better, for our present pur- 



pose, will be a pail of w ater, su.s])end- 
cd by a cord, anrl made to epiu 
round f while tli|| cord hangs perpen- 
dicularly. The ttirfacc of the water, 
instead of remaittbig horizontal, w ill 
become concave, as in the bgure. 
The centrifugal force gcneralea 
tendency in a// the water to leave 
the axis, and press towards the cir- 
cumference ; it is, therefore, urgctl 
against the pail, and forced up irs 
sides, till the excess of height, and 
consequent increase of pressure 
downw'ards, just counterbalances its 
centrifugal force, and a slj^te of cqui- 
librium is attained. The experi- 
ment is a very easy ai^d instruc- 
tive one, and is admirably calculateil 




to show how the/onw of eguilibriuvt 
accommodates it«ielf to varying cir- 
cumstances. If, for example, we 
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allow tlie rotation to cease by degrees^ as it become^ 
slower we shall see the concavity of the water regularly 
(liminish; the elevated outward portion will descend^ 
and the depressed central rise^ while all the time a 
perfectly smooth surface is maintained^ till the rotation 
is exhausted^ when the water resumes its horizontal 
state. 

(181.) Suppose^ then, a globe, of the size of the earth, 
at rest, and covered with a uniform ocean, were to be 
set in rotation about a certain axis, at first very slowly, 
but by degrees more rapitUy, till it turned round once in 
tw^ty.four hours ; a centrifugal force would be thus 
generated, whoso general tendency would be to urge the 
water at every point of the surface to from the 

axis. A rotation might, indeed, lx,' conceived so swift 
as to firt the whole ocean from the surface, like water 
from a mop. But this would require a far greater 
velocity than what we now speak of. In tlie ^asc 'iup- 
posed, the might of the water would still keep it oh the 
earth ; and the tendency to recede from the axis could 
only be satisfied, therefore, by the water leaving the 
poles, and flowing towards the equator ; there heaping 
itself up in a ridge, just as the water in our pail accu- 
mulates against the side ; and being retained in oppo- 
sition to its weight, or natural tendency towards the 
centre, by the pressure thus caused. This, however, 
could not take place without laying dry the polar por- 
tions of the land in the form of immensely protuberant 
continents ; and the difference of our supposed cases, there- 
fore, is this : — in the former, a great equatorial conti- 
nent and polar seas would be formed; in the latter, pro- 
tuberant land would appear at the poles, and a zone of 
ocean be disposed around the equator. This would 
be the first or immediate effect. Let us row see what 
would afterwards happen, in the two cases, if things 
w'ere allowed to take their natural course. 

(182.) The sea is constantly beating on the land, 
grinding it down, and scattering its worn off particles 
and fragments, in the state of mud and pebbles, over its 
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^>rj. Geological facts afford abundant proof that the 
Lxisting continents have all of them undergone this pro. 
ccss, even more than once, and been entirely torn in 
fragments, or reduced to powder, and submerged and 
reconstructed. Land, in this view of the subject, loses 
its Attribute of fixity. As a mass it might hold to- 
gether in opposition to forces which the water freely 
obeys ; hut in its state of successive or simulta. 
neous dcgrfwiation, wlieii disseminated through the 
ivater, in tlie state of sand or mud, it is subject to 
all the impulses of that fluid. In the lapse of 
time, then, the protuberant land in both cases would 
be destroyed, and spread over the bottom of the ocean, 
filling up the lower parts, and tending continually 
to remodel the surface of the solid nucleus, in cor- 
respondence with the /orm of oquilihriam in both 
cases. Thus, after a sufficient lapse of time, in the 
case (ff fin earth at rest, the equatorial continent, thus 
forcibly constructed, would again be levelled and trans- 
ferred to the polar excavations, and the spherical figure 
be so at length restored. In that of an earth in rota- 
tion, the polar protuberances would gradually be cut 
down and di8ap])ear, being transferred to the equator 
(as being thm the deepest sea), till the earth would 
assume by degrees the form we observe it to have — 
that of a flattened or ohlate ellijisoid. 

(18.3.) We are far from meaning here to trace the 
process hp whieh the earth really assumed its actual 
form; all we intend is, to show that this is the form to 
which, under the condition of a rotation on its axis, it 
must tend; and whicli it would attain, even if originally 
and (so to speak) perversely constituted otherwise. 

(184.) But, further, the dimensions of t(e earth 
and the time of its rotation being known, it is easy 
thence to calculate the exact amount of the cqptrifugal 
force*, which, at the equator, appears to be Trjr’iyfh 
part of the force or weight by which all bodies, whether 
solid or liquid, tend to hill towards the earth. By this 

• See Cab. Cjrc., MEcoasics, ch, vifi, * 
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fraction of its weighty thcn^ the sea at the equator 
Hghtenedj and thereby rendered susceptible of being 
supported at a higher level, or more remote from the 
centre than at the poles, where no such counteracting 
force exists ; and where, in consequence, the water may 
be considered as ftpecificallg haavicr. Taking this prin- 
cij)le as a guide, and combining it with the laws of 
gravity (as developed by Newton, and as hereafter to 
be more fully explained), inatheniaticians have been 
enabled to investigate, d priori y w'hal would lie the 
figure of equilibrium of such a body, constituted inter- 
nally as we have reason to lielieve the earth to be ; 
covered wholly or partially with a fluid ,* and revolving 
uniformly in twenty-four hours ; and the result of this 
enquiry is found to agree very satisfactorily with what 
experience show’s to be the case. From their investi- 
gations it appears that the form of equilibrium is, in 
fact, no other than an oblate ellipsoid, of a degjcc of 
ellipticity very nearly identical wdth what is observed, 
and which would be no doubt accurately so, did we 
know the internal constitution and materials of the 
eardi. 

(185.) The confirmation thus incidentally furnished, 
of tile liYpothesis of the earth's rotation on its aids, 
cannot fail to strike the reader. A deviation of its 
figure from that of a sphere w’as not contemplated 
among tlie original reasons for adopting tliat hypothesis^ 
which was assumed solely on account of tlie easy ex- 
planation it ofiers of the apparent diurnal motion of the 
heavens. Y et wo see that, once admitted, it draws with 
it, as a necessary consequence, this otlter remarkable 
phenomenon, of which no other satisfactory account 
could h^rendered. Indeed, so direct is their connection, 
that the ellipticity of the earth's figure was discovered 
and demonstrated by Newton to be a consequence of its 
rotation, and its amount actually calculated by him, 
long before any measurements had suggested such a 
conclusion. As we advance witli our subject, we shall 
find theP^same simple principle branching out into a 
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4hole train of singular and important Gonsequenccs, some 
obvious enough, others which at first seem entirely un- 
connected with it, and which, until traced by Newnon 
up to this their origin, had ranked among the must 
inscrutable arcana of astronomy, as as among its 
grandest phenomona. 

Of its more obvious consequences, we may 
here mention one which falls in naturally witli our pre- 
sent subject. If the earth really revolve on its axis, 
this rotation must generate a centrifugal force (sec art. 
184.), the effect of which must of course be to coun- 
teract a certain portion of tlic wniffht of every body 
situated at the equator, as compared with its weight at 
the poles, or in any intermediate latitudes. Now, this 
is fully confirmed by experience. There is actually 
observed to exist a difference in the gravity^ or down- 
ward tendency, of one and the same body, when con- 
veyed* successively to stations in difierent latitudes. 
Experiments made with the greatest care, and in every 
accessible ])art of the globe, have fuUy demonstrated the 
fact of a rt*gular and progressive increase in the weights 
of bodies corresponding to the increase of latitude, and 
fixed its amount and Uie law of its progression. From 
these it appears, that the extreme amount of this varia- 
tion of gravity, or the difference lietween the equatorial 
and polar weights of one and the same mass of matter, 
is 1 part in J 94 of its whole weight, the rate of increase 
in travelling from the equator to the pole being as the 
square of the sine of the latitude, 

(187.) The reader will here naturally enquire, what 
is meant by speaking of the same body as having dif- 
ferent weights at different stations; and, how such a fact, 
if true, can be ascertained. When we wc|gh a body 
by 9 balance or a steelyard we do hut counteract its 
weight by the equal weight of another ho^ under the 
very same circumstances ; and if both the body weighed 
and its counterpoise be removed to another station, 
their gravity, if changed at all, will he changed equally, 
so that they will still continue to counterbalance each 
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Other. A diffhre^' in the intensky of gravity could^ 
therefore^ nev^i)^ d^€ 0 te(f by means; nor h it in 
this ihnse tttat #e assert diat a body weigliing 1 94 
pounds at the equator will weigh *195 at the pole. If 
counterbalanced in a scale or steelyard at the former 
station, an additional j)ound placed in one or other scale 
at the latter would inevitably sink the lieara. 

(l8tS.) The meaning of the 
]uoposition may be tlius ex- 
plained; — (Conceive a weight 
.r 8usj)ended at the equator by 
a string without weight passing 
over a pulley. A, and con- 
ducted (supposing such a thing 
j) 0 ssibh;) over other pulleys, 
such round the earths 
conveu^ till the other end 
hung down at the pole, and sustained the 

weight y. If, then, the weights ar and y were such 
as, at any one station, equatorial or polar, would exactly 
counterpoise each other on a balance, or wlu’u suspended 
side by side over a single pulley, they would not coun- 
terbalance each other in this supposed situation, but the 
polar weight y would jireponderate ; and to restore the 
equipoise the weight x must be increased by -yj^yth 
part of its quantity. 

(189.) The means by which this variation of gra- 
vity may be shown to exist, and its amount mea- 
sured, are twofold (like all estimations of mechanical 
power), statical and dynamical. The former consists in 
putting the gravity of a weight in equilibrium, not with 
that of another weight, but with a natural power of a 
difterent k$ld not liable to be affected by local situation. 
Such a power is the elastic force of a spring. Let ABC 
Ix! a jupport of brass standing on the foot A ED 
cast in piece with it, into which is let a smooth 
plate of agate, D, which can be adjusted to perfect ho. 
risontality by a level. At C let a spiral spring G 
be attached, “which carries at its lower end a weight F, 
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^lishcd and convex below. tIic kngtil|i jand strei^th 
01 the spring must >o iidjusted '^l ^ height F 
sti^be 6itttaihc4 1^7 it to 
filling clear of contact wi^ the 



agate plate in the highest lati. 
tude at which it is intended to 
use the instrument. Then^ if 
small weights be added cau- 
tiously^ it may be made to de- 
scend till it just grazes the 
agatc^ a contact wduch can be 
made with tlio utmost imagin. 
able delicacy. Let these weights 
be noted ; the weight F detach- 
ed ; the spring G carefully 
lifted off its hook, and securt‘d, 
^^l^br travelling, from rust, strain, 
or disturbance, and the whole 
• apparatus conveyed to a station 
in a lower latitude. 1 1 will then 


he found, on remounting it, that, although loaded wdth 
the same additional weights as before, the weight F will 
no longer liave power enough to stretch tlie spring to 
the extent required for producing a similar contact. 
More weights will require to be added ; and the addi- 
tional quantity necessary will, it is evident, measure the 
difference of gravity Ixjtween the two stations, as excrteil 
on the whole quantity of jHindent matter, Le. the sum of 
the weight of F and half that of die spiral spring itself. 
Granting that a spiral spring can be constructed of such 
strength and dimensions that a weight of 10,000 grains, 
including its own, shall product* an elongation of 10 
inches without permanently straining it*, one addi« 


• Whether the proccw abnve describeU couid ever be no far perfected and 
rcHncd as to become a subiUtate for the use of the pendulum HMIlfcA SPcnd 
on the degree of permanence and uniformity ol action of wgsm/mdn the 
constancy or variability of the cflbrt of temperature, on tlieir ewRie force, 
on the possibility of transporting them, absolutely unaltered, firom place to 
place, Ac. The great advantages, however, which such ait apparatus and 
mode of observation would possess, in point of convenience, cheapness, 
fiortability, and expedition, over the present laborlouf, tedious, and expen- 
sive process render the attempt well worth making. • 
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tional grain will produce a further extension of 775^00^^ 
of an inch^ a quantity which cannot possibly be mis. 
taken in such a contact as that in question. Thus we 
should l)c provided with the means of measuring the 
power of gravity at any station to within 
its whole quantity. 

(1 <)().) The other, or dynamical process, by which 
the force urging any given weight to the earth may be 
determined, consists in ascertaining the velocity im- 
}>arted by it to the weight when snffereil to fall freely 
in a given time, as one second. This velocity cannot, 
indeed, he directly measured ; hut indirectly, the prin- 
ciples of mechanics furnish an easy and certain means 
of deducing it, and, consequently, the intensity of gra*- 
vity, by ol»erving the oscillations of a pendulum. It is 
proved in mechanics (see C-ab. (’yc., Mechanics, 2l6.), 
that, if one and the same pendulum be made to oscillate 
at different stations, or under the influence of djf^^rent 
forces, and the numbers of oscillations nmde in the same 
time in each case he counted, the inhnisitics of the 
forces will be to each other as the squares of the num. 
bei-s of oscillations made, and thus their ]»ro}iortion be- 
comes known. For instance, it is found that, under 
the equAtor, a pendulum of a certain form and length 
makes 86,400 vibrations in a mean solar day; and 
that, when transported to London, the same pendulum 
makes 86,5.‘J5 vibrations in the same time. Hence we 
conclude, that the intensity of the force urging the pen- 
dulum downwards at the equator is to that at London 
as 86400 to 86535, or as 1 to 1*00315 ; or, in other 
wdrds, that a mass of matter at the equator weighing 
1 0,000 pounds exerts the same pressure on the ground, 
tile same effort to crush a body placed below it, that 
J0,031i*‘of the same pounds^, transported to London, 
would exert there. 

(191.^ Experiments of this kind have lieen made, 
as above stated, with the utmost care and minutest pre- 
caution to ensure exactness in all accessible latitu^s ; 
and thek general and final result has been, to give 7^4 
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the fraction expressing the difference of gravity at 
the equator and poles/ Now, it will not fail to be no- 
ticed by the reader, and will, probably, occur to him as 
an objection against the explanation here given of the 
fact by the earth’s rotation, that this differs materially 
from the fraction -f. ^ expressing the centrifugal force 
at the equator.' The difference by which the former 
fraction exceeds the latter is a small quantity in 
itself, but still far too large, compared with the others 
m question, not to b<‘ distinctly accounted for, and not 
to prove fatal to this explanation if it will not render a 
strict account of it. 

(192.) The mode in which this difference arises 
affords a curious and instructive example of the indirect 
induonce which mechanical causes often exercise, and 
of w'hicli astronomy furnishes innumerable instances. 
Tlie rotation of the earth gives rise to the centrifugal 
forc^i^the centrifugal force produces an ellipticity in 
the form of the earth itself ; and this very ellipticity f)f 
form modifies its potver of attraction on bodies placed 
at its surface, and thus gives rise to the difference in 
question. Here, then, we have the same cause exer- 
cising at once a direct and an indirect influence. The 
amount of the former is easily calculat(»d, that of the 
latter ivith far more ilifflcuJty, by an intricate and pro- 
found application of geometry, whose steps we canmA 
pretend to trace in a work like the present, and can only 
state its nature and result. 

(195.) The wreight of a body (considered as uqdi* 
minished by a centrifugal force) is the efi'ect of ^ 
ear(h s attraction on it. This attraction, .as Newton ))ac 
demonstrated, consists, not in a tendency of all matter 
to any one particular centre, but in a disposition of every 
particle of matter in tlie universe to press tov^rds, and 
if not opposed to fl[|)proach to, every other. The at- 
traction of the earth, then, on a body placed on its 
surface, is not a simple but a complex force, resulting 
from the separate attractions of aJl its parts. Now, it 
is evident, that if the earth were a perfect sphere, the 
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attraction exerted by it on a body any where placed oi( 
its surface, whether at its equator or pole, must be 
exactly alike, — for the sii^le reason of Ae exact sym- 
metry of the sjdiere in evSy direction. It is not less 
evident being elliptical, and this sym- 

metry or n^de of all its parts not existing, the 
same result cSniiot be expected, A body pjaced at the 
eijuator, and a similar one at the ]tolr of a flattened 
ellipsoid, stand in a different geometrical relation to the 
mass as a whole, 'i'liis difference, without entering 
further into particulars, may he exj'ectcd to draw with 
it a difference in ita forces of attraction on the two 
bodies. Calculation confirms this idea. It is a question 
of purely mathematical investigation, and has fjeen treated 
witli perfect dearness and precision by Newton, iilac- 
laurin, Clairaut, and many other eminent geometers ; 
and the result of their inwstjgations is to show iljat, 
owing to the elliptic of the earth alone, anij.. in- 
depen^nt of the centrifugal force, its aftracnoii ought 
to inci^asQ the weight of a laxly in going from tlic 
equatbr Itp the pole by almost exactly --/ji,th part; wdiich, 
together with ..^r.th due to tlie centrifugal force, iQy|^ 
up the quantity, T'.j^ith, observed. 

( 1 94ipiillotlier great geographical phenomenon, which 
Dwieis its existence to the earth's rotation, is that of 
the trade-winds, 'fhese mighty currents in our a(. 
mosphere, on which so important a part of navigation 
depends, arise fioni, 1st. the unequal exposure of thei^V 
earth*s surface to the sun's rays^ bv which it is unequally 
in different latitudes; and, 2dly, from that 
gehetal lavr in the constitution of all fluids, in virtue of 
which tliey occupy a larger bulk, and become speci- 
flcally lighter when hot than vs'hcn cold. These 
cauXes, edmhined with the eartlt's li|don from west to 
cast, afford an easy and satisfactoiPlkplanation of the 
inagnificciH phenomenon question. 

' It is a matteiSf observed of which weshall 

give Che cxplaiiaiion farther on, that the sun is constantly 
vertical o\^ some one or other part of tlie earth between 
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two parallels of latitude^ called the tropics, respectively 
23^*^ north, and as much south of the equator ; and that 
the whole of that zone or belt of tlie ' earth’s surface in. 
eluded between the tropics, alKl equally divided by the 
equator, is, in consequeltbc of tlie great attained 

by the sun in its diurnal course, maintaraMl' ft a much 
higher temperature than those regions to the north and 
south wlilch lie nearer the poles. Now, the heat tlius 
acquired by the earths surface is communicated to tlie 
incumbent air, which is thereby expanded, and rendered 
specifically liglitcr than the air iucuinlicnt on the rest 
of the glfibe. It is, therefore, in obedience to the 
general laws of hydrostatics, displaced and buoyed up 
from the surface, and its place occupied by colder, and 
therefore heavier air, which glides in, on both sides, 
along the surface, from the regions beyond the tropics ; 
while the displaced air, thus raised abo\c its due level, 
and igisustained by any lateral pit|R»ure, iiows over, as 
it were,*aiAl forms an upper current in the contrary 
direction, or toward the poles ; which, being cooled 
in its course, and also sucked down to suj>ply thedefi- 
ciei^ ill the extra-tropical regions, keeps up thus a 
cona^al circulation. 

(lyih) ^ince the earth revolves about an EjUr pass- 
ing through the jiolcs, the equatorial jiortion of its 
surface has the greatest velocity of rotation, and all 
other parts less in the proportion of the radii of tlie 
circles of latitude to which they correspond. But as 
the air, wdien relatively and apparently at rest on any^^ 
part of the earth s surface, is only so because in real^Mj 
it participates in the motion of rotation proper to ths? 
part, it follows that when a mass of air near the poles 
is transferred to the region near the equator any 
impulse urging it dbmeUy towards that circle, in every 
poipt of its progresdgP^ftrcls its new situation it must 
*be found deficient in rotatory ^^l^ity, and therefore 
unable to keep up with die speeM^f the new surface 
over which it is brought. Hence, the currents of air 
which set iii towards the equator from die north and 

X 
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south must^ as they glifk along the surface^ at the sai^e 
ttroe lag, or hang back, and dta^ npon it in the di. 
rection opposite to the earth s rotation, t. r. from east 
to west. Thus these currents, which but for the ro- 
tation Would be simply northerly and southerly winds, 
acquire, from this cause, a relative direction towards 
the west, and assume the character of permanent north- 
easterly and south-easterly wimls. 

(197.) Were any considerable mass of air to he 
suddenly transferred from beyond the tropics to the 
equator, the difference of the rotatory vi’locities proper 
to the two situations would he so great as to produce 
not merely a wind, but a tempest of the most destruc- 
tive violence, liut this is not the case : the advance 
of the air from the north and south is gradual, and all the 
while the eartli is continually acting on, and by the fric. 
tion of its surface accelerating its rotatory velocity. Sup- 
))08ing its progress towards the equator to cease pt any 
point, this cause would almost immediately coinmu- 
nicatejo^the deffclent motion of rotation, after which 
it 4 Nlll 8 m' revolve quietly with the earth, and be at rela- 
tive rest. W c have only to call to mind the compara- 
tive thinness of the coating which tlie atmosphere 
forms aifound the globe (art. 34 .), and the immense 
snass of the latter, compared with the former (which 
it exceeds at least 1 00,000, OfK) times), to appreciate 
fully the absolute command of any extensive territory 
of ^e earth over tlie atmosphere immediately incum- 
bent on it, in point of motion. 

^198.) It follows from this, then, that as the winds 
on both sides approach the equator, their easterly tend, 
ency must diminisht^ The lengths of the diurnal dr. 
cles increase vei*y slowly in the immediate vicinity of 
the equ^r, and for several degrees on either side of it 
hardly chilHige at all. Thus the ftiction of the surface 
haa piord time to act iu accelerating the velodty of the 

* SwicIkKptMn Hairs ** Fragracnbi of Voym and Traveb.** 9d Mitel 
▼ol, where this Is very tUstinctly, ana, m fares | eu enraii^ te 

the am Oil reasoned out. {JutAor,) 
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sSr, bringing it towards a state otretoiiw resti and dimi- ' 
nidiing thereby the relative set of the currents from east to 
west^ which^ on the other hand^ is feebly, anil, at lengtl), 
not at all reinforced by the cause which originally pro. 
(luced it. Arrived, then, at the equator, the trades 
must be expccteil to lose their easterly character alto- 
gether. But not only this but the northern and soutliem 
currents here meeting and opposing, will mutually de. 
stroy each other, leaving only such preponderancy as 
may be due to a difference of local causes acting in the 
two hemispheres, — which in some regions around the 
equator may lie one way, in some another. 

(199.) The result, then, must be the production of 
two great tropical belts, in the northern of which a 
constant north-easterly and in the southern a south, 
easterly, wind must prevail, while the winds in the 
equatorial belt, whicli separates the two former, should 
be coin|)ailtivcly calm and free from any steady pre- 
valence of easterly character. All these cwjj^iences 
are agreeable to observed fact, and the By 8 uHp||i|j||^ 
currents above described constitutes in reality what is 
understood by the regular trade winds,^ ^ 

(SOO.) The constant friction thus produewitetween 
the earth and atmosphere in tlie regions near the equator 
must (it may be objected) by degrees reduce and (tt 
length destroy the rotation of the whole mass. The 
laws of dynamics, however, render such a consequence, 
generally, impossible ; and it is easy to see, in the pre- 
sent case, where and how the compensation takes place. 
The heated equatorial air, while it rises and Hows over 
towards the poles, carries with rotatory velocity ' 

due to its equatorial situation into a higher latitude, 
where the earth’a surface has less motion. Mence, as 
it travels northward''^' southward, it will conti- 
nually snore and more on the surface of the earth in its 
diunud motion, and assume constantly mo|a^&nd %nore 
a. relative direction ; and when at Iswtli it 

ri^toma to 4 he* surface, in its circulation, which ^nmust 

• See Uw work last 
K 2 
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do more or less in all the interval between the tropics and 
the poles^ it will act on it by its friction as a powerful 
south-west wind in the northern hemisphere, and a 
north.wi|fi|lt in the southern, and restore to it the impulse 
taken up from it at the equator. We have here the 
origin of the south-west and westerly gales so prevalent 
in our latitudes, and of the almost universal westerly 
w'inds in the Sordi Atlantic, which arc, in fact, nothing 
else than n part of tlie general system of the re-action 
of the trades, and of the process by which the equili- 
brium of die eartirs motion is maintained under their 
action.* 

(201.) In order to construct a map or model of the 
earth, and obtain a knowledge of the distribution of sea 
and* land over its surface, the fcfrms of the outlines of 
its continents and islands, the courses of its rivers and 
mountain chains, and the relative situations, with respect 
to each other, of those points which chiefly interest us, 
as centres of human habitation, or from oilier causes, it 
is necessary to possess the means of determ iniR|U'or. . 
reedy the situation of any proposed station on if^ur- i 
face. For this two elements require to be known, the 
latitude and longitude, the former assigning its distance 
from die poles or the equator, the latter, the meridian 
on wdiich that distance is to lie reckoned. To these, 
in strictness, should lie added, its height above the sea 
level ; but the consideration of this had better be deferred, 
to avoid complicating the subject. 

* As it is our objrrt ntoroly to illustrate the mode in which the earth's 
rotation affeets the atmosphere on the great scale, we omilall conaideration 
ul* local penotliral winds, such .is inoiisooiis, fcc. 

It seems worth ciu|uiry, wliethcr hurricanes in trMtIcal climates may not 
arise front portions of the upper currents prematurely riiveited dnmiwards 
hornrcthcir relative velocity has been sufficiently reduced by friction on, 
and gradun. mixing with, the lower strata ; and so dashing upon the cartli 
with that firpineiidoiis velocity which gives them their destructive cha. 
racter, and of wliich hardly any rational account has yet lieeii given. Their 
course, generally s|)eaking, is in opposition to the regular trade wind, as it 
ougfit to licfilii conformity with this idea. (Young’a Lectures, 1.701.} But 
it by no means fbllowi that this must always tie the case. In grtiaral, a 
rapid transfebAHther way, in latitude of any mass of air which local or 
temporary caaSa might carry oAove lir immrdiak; rrach qf fAe frieOn 
ithe earM's tw/nce, would mve a fearful exaggeration to lU velocity. ' 
liVhercver such a mass should strike the eartii, a hurricane might arise ; 
niid should# wo such masses encounter in mid. air. a tornado of any dqpwe 
iif iiiieosity on record might easily rnsult from their combination.-i^afAor. 
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* (202.) The latitude of a station on a sphere would l)e 
merely the length of an arc of the meridian, intercepted 
between the station and the nearest point of the equator, 
reduced into degrees. (See art. 86*.) But aajbe earth 
is elliptic, this mode of conceiving latitud^becomes 
inapplicable, and we are compelled to resort for our 
definition of latitude to a gencr^ization of that property, 
(art. 9^-) which affords the readiest means of deter- 
mining it by observation, and which has the advantage 
of being independent of the figure of the earth, which, 
after all, is not exactly an ellipsoid, or any known geo. 
metrical solid, 'fhe latitude of a station, then, is the 
altitude of the elevated pole, and is, therefore, astro- 
nomically determined by those methods already ex- 
plained for ascertaining that important element.. In 
consequence, it will be remembered that, to make a 
perfectly correct map of the whole, or any part of the 
earth 's^su^ace, equal differences of latitude are not re. 
presented by exactly equal intervals of surface. 

^^.) To determine the latitude of a station^ then . 
l|(l|Py. It is otherwise with its longitude, whose ex 
ac^ctermiuation is a matter of more difficulty. The 
reason is this: — as there arc no meridians marked 
upon the earth, any more than parallels of latitude, we 
are obliged in this case, as in the case of the latitude, 
to resort to marks external to the earth, t. e. to ttte 
heavenly bodies, for the ol^ects of our measurement; 
but with this difference in the two cases — to observers 
situated at stations on tlie same meridian (t. e. difibring 
in latitude) the heavens present different aspects at o// 
moments. The, portions of them which become visible 
in a complete diurnal rotation are not the same, and 
stars which are common to both describe ciades dif. 
ferently inclined to their horizons, and Afferently 
divided by them, and attain diffbrent dtitudes. On the 
other hand, to observers situated on the qeiXe faraXkl 
(t. e. differing only in longitude) the hni||eiia present 
same aspects. Their visible portions m the same ; 
and the same stars describe circles equally inclined, and 
X 3 
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niroikrly divided by their horizons^ and attain the saiAc 
altitudes. In the former case there is, in the latter 
there is fwt, any thing in the appearance of the 
heavens^ watched through a whole diurnal rotation^ 
which indicates a difference of locality in the observer. 

(20-1.) But no two observers, at different points of 
the earlli’s surface, can have at tlie same instant the 
same celestial hemisphere visible. Suppose, to fix our 
ideas, an observer stationed at a given point of the 
equator, and tlut at the moment when he noticed some 
bright star to be in his zenith, and therefore on his me- 
ridian, he should be suddenly transported, in an instant 
of time, round one quarter of the globe in a westerly 
direction, it is evident that he will no longer have the 
same star vertically above him : it will now appear to 
him to 1)6 just rising, and he will have to wait six hours 
before it again comes to his zenith, t. c. before the 
earth^s rotation from west to east carries him^ hack^gain 
to the line joining the star and* the earth's centre from 
which he set out. ^ 

(20.^.) The difference of die cases, then, mayl^us 
stated, so as to afford a key to the astronomical solution of 
the problem of the longitude. In the case of stations dif- 
fering only in latitude, the same star comes to the meri- 
dian at the same time, but at different aititudes. In that 
of stations differing only in longitude, it corn^^ to the me- 
ridian at the same altitude but at different Jjp^. Sup. 
posing, then, that an observer is in possesnon of any 
means by which he can certainly ascertain the time of a 
known star s transit across his meridian, he knows bis 
longitude ^ or if he knows the difference between its 
times of transit across hia meridian and across, that 
of any other station, he knows their difference of longi- 
tudes. For instance, if the same star pass the meridian of 
a place A at a certain moment, and that of B exaedy 
one hour^ of sidereal time, or one twenty-fourth part of 
the earth Vdbumal period, later, then the difference of 
longitudes between A and B is one hour of time or 15^ 
and B imo much west of A« 
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* ( 206 .) In order to a perfectly clear understanding 
of the principle on which the problem of finding the 
longitude by astronomical observations is resolved^ the 
reader must learn to distinguish between time^ in the 
abstract^ as common to the whole universe^ and there.* 
fore reckoned from an epoch independent of local situ, 
ation^ and locaVtime, which reckons^ at each particular 
place, from an epoch, or initial instant, determined by 
local convenience. Of time reckoned in the former, 
or abstract manner, we have an example in what we 
have before defined as equinoctial time, which dates 
from an epoch determined by the sun s motion among 
the stars. Of the latter, or local reckoning, we have 
instances in every sidereal clock in an observatory, and 
ill every town clock for common use. Every astro- 
nomer regulates, or aims at regulating, liis sidereal 
1 lock, so that it shall indicate 0*‘ O'” 0% vrhen a cer- 
taiff point in the heavens, called the equinox, is 
on the meridian of his station. This is tlie epoch of 
his sidereal time ; which is, therefore, entirely a heat 
reckoning, it gives no information to say tlmt an event 
happened at such and such an hour of sidereal time, 
unless we particularize the station to which the sidereal 
time meant appertains. Just so it is with mean or 
common time. This is also a local reckoning, having 
for its engch mean noon, or the average of all the timcB 
througliiP the year, when the sun is on the meridian 
of that particular place to which it behnge; and, there- 
fore, in like manner, when we date any event by mean 
time, it is necessary to name the place, or particularise 
what mean time we intend. On the other hand, a date 
by equinoctial time is absolute, and requires no such 
explanatory addition. • 

( 207 .) The astronomer sets and regulat& his side- 
real clock by observing the meridian pauses of the 
mcne conspicuous and well known atars. of these 

holds in the havens a certain determliMle and known 
place with respect to that imaginary point called the 
equinox, and by noting the times of thei» passage in 
K 4 
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succession by his clock he knows when the ecjuinox 
passed. At that moment liis <^ck ought to have marked 
Oh Qm Qi . if \i (liij iiQty knows and can correct 
its error^ and by the agreement or disagreement of the 
errors assigned by each star he can ascertain whether 
his dock is correctly regulated to go twenty-four hours 
in one diurnal period^ and if not^ can ascertain and 
allow for its rate. I'hus^ although his clock may not^ and 
indeed cannot^ cither be set correctly, or go truly, yet 
by applying its error and rate (as they are technics^y 
termed), he can correct its indications, and ascertain 
the exact sidereal times corresponding to them, and 
proper to his locality. This indispensable operation is 
called getting his local time. For simplicity of explan- 
ation, however, we shall suppose the clock a perfect in. 
fitrument ; or, which comes to the same thing, its error 
and rate applied at every moment it is consulted, and in. 
eluded in its indications. 

(208.) Suppose, now, two observers, at distant sta- 
tions, A and B, each independently of the other, to 
set and regulate his clock to the true sidereal time of 
his station. It is evident that if one of these clocks 
could be taken up witliout deranging its going, and set 
down by the side of the other, they would be found, on 
comparison, to differ by the exact difference of their 
local epochs ; that is, by the time occupi^ by the 
equinox, or by any star, in passing from meridian 
of A to that of B : in other words, by their difference of 
longitude, expressed iu sidereal hours, minutes, and se. 
conds. 

(SO 9 .) A pendulum clock cannot be thus taken up 
and transport^ from place to place without derange- 
ment, but a dironometer may. Suppose, then, die 
observer ai B to use a chronometer instead of a dock, 
he may, by bodily transfer of the instrument to the 
other station, procure a direct comparison of sidereal 
times, and ^us obtain his longitude from A. And 
even if he employ a dock, yet by comparing it first with 
a good chxonometer, and then transferring the latter 



CllA1^#ni. LOKiOltSfiriiiB# BY CHRONOMETERS. 137 

instrument for conttiarison with the other clocks the 
same end will be accomplished, provided the going of 
the chronometer can be depended on. 

(210.) Were chronometers perfect, nothing more 
complete and convenient than this mode of ascertainiflj^ 
differences of longitude could be desired. An observer, 
provided with such an instrument, and with a portable 
transit, or some equivalent method of determining the 
local time at any given station, might, by journeying 
from place to place, and observing the meridian pas- 
sages of stars at each, (taking care not to alter his chro- 
nometer, or let it run down,) ascertain their differences 
of longitude with any required precision. In this case, 
the same time-keeper being used at every station, if, at 
one of them. A, it mark true sidereal time, at any other, 
B, it will be just -so much sidereal time in error as the 
difference of longitudes of A and B is equivalent to ; 
in oSic? wOrds, the longitude of B from A will appear 
as the error of the time-keeper on the local time of B. 
If he travel westward, then his chronometer will appear 
continually to gain, although it really goes correctly. 
Suppose, for instance, he set out from A, when tlie 
equinox was on the meridian, or his chronometer at 0^, 
and in twenty -four hours (sid. time) had travelled 1 5^ 
westward to B. At the moment of arrival there, his, 
chronometer will again point to 0^ ; but the equinox ' 
will be, not on his new meridian, but on that of A, and 
he must wait one hour more for its arrival at that of 
B. When it does arrive there, then his watch will 
point not to O’* but to 1**, and will therefore be 
on the local time of B. If he travel eastward, the re- 
verse will happen ^ 

(211.) Suppose an observer now to set mit from 
any station as above described, and constantly travelling 
westward to make the tour of the globe, andBreturn to 
the point he set out from. A sftigular consequence will 
happen ; he will have lost a day in his reckoning of 
time. He will enter the day of his arrival in his diary, 
as Monday, for instance, when, in fact, it isTfuesday. 
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The reason is obvious. Days and nights are caused by 
the alternate ap[)earance of the sun and stars^ as the 
rotation of the earth carries the spectator round to view 
them in succession. So many turns as lie makes round 
ihe centre, so many days and nights will he experience. 
But if he travel once round the globe in tlie direction 
of its motion, he ivill^ on his arrival, have really made 
one turn more round its centre ; and if in the opposite 
direction, one turn ku than if he had remained station- 
ary at one |K)int of its surface : iu the former case, then, 
be will have witnesstnl one alternation of day and night 
more, in the latter one less, than if he had trusted to the 
rotation of the earth alone to carry him round. As the 
earth revolves from west to cast, it follows that a west- 
ward direction of his journey, by which he counteracts 
Its rotation, will cause him to lose a day, and an east- 
ward direction, by which he conspires with it, to gain 
one. In the former case, all his days wilh her longer ; 
in the latter, shorter than tliose of a stationary observer. 
This contingency has actually happened to circum. 
navigators. Hence, also, it must necessarily happen that 
distant settlements, on the same meridian, will differ a 
day in their usual reckoning of time, according as they 
have been colonized by settlers arriving in an eastward 
or in a westw'ard direction, — a circumstance which may 
produce strange confusion when they come commu- 
nicate with each other. The only mode of correcting 
the ambiguity, and settling the disputes which such a 
difference may give rise to, consists in having recourse 
to the equinoctial date, which can never be ambiguous. 

(212.) Unfortunately for geography and navigation, 
the chronometer, though greatly and indeed wonder- 
fully in^roved by the skill of modem artists, is yet far 
too imperfect an instrument to relied on implicitly. 
Howeveib such an instrument may preserve its uni. 
formity of rate for a few hours, or even days, yet in 
long absences from home the chances of error and 
accident become so multiplied, as to destroy all secoi^ 
of roHaffee on even the best To a certain extent^is 
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may^ indeed, be reiucdied by carrying out several, and 
using dicm as checks on each other ; but, l)eBidcs the 
expense and trouble, this is only a palliation of the 
evil — tlie great and fundamental, — as it is the only one 
to which the determination of longitudes by time-keepers 
is liable.^lt becomes necessary, therefore, to resort to 
other means of communicating from one station to 
another a knowledge of its local time, or of propagating 
from some principal station, as a centre, its local time 
as a universal standard with which the local time at any 
other, however situated, may be at once compared, and 
thus the longitudes of all places be referred to the 
meridian of such central point. 

(5213.) The simplest and most accurate method by 
which this object can be accomplished, when circum- 
stances admit of its adoption, is that by telegraphic 
signal. Let A and B be two observatories, or other 
staCfonfe, provided with accurate means of determining 
(heir respective local times, and let us first suppose them 
visible from each other. Their clocks being regulated, 
and their errors and rates ascertained and applied, let a 
signal be made at A, of some sudden and definite kind, 
such as the flash of gunpowder, the explosion of a 
rocket, the sudden extinction of a bright light, or any 
other which admits of no mistake, and can be seen at , 
great dijpttances. The moment of the signal being made 
must be inoted by each observer at bis respective clock 
or watch, as if it were the transit of a star, or any 
astronomical phenomenon, and the error and rate of 
clock at each station being applied, the local time of the 
signal at each is determined. Consequently, when the 
o^rvers communicate their observations of the signal 
to each other, since (owing to the almost instataneous 
transmission of light) it must have been seen at the same 
absolute instant bj^both, the diffisrence of^eir local 
times, and therefore of their longitudes, becomes known. 
For example ; at A the signal is observed to happen at 
^ 0” fiid. time at A, as obtained by applying the 

and rate to the time shown by the do^ at A. 
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when the signal was swn there. At B the same signal 
was seen at .0** 4"* 0% sid. time at B, similarly deduced 
from the time noted by the clock at B, by ajiplying itg 
error and rate. Oonsequently, the difference of their 
local epochs is 4"‘ 0% which is also their difference of 
longitudes in time, or 1° O' 0" in hour angle. 

(214.) The accuracy of the final determination 
may be increased by making and observing several 
signals at stated intervals, each of which affords a com- 
parison of times, and the mean of all which is, of course, 
more to be de])ended on than the result of any single 
comparison. By this means, the error introfluced by 
the comparison of clocks may be regarded as altogether 
destroyed. 

(21.5.) The distances at which signals can be ren- 
dered visible must of course depend on the nature of 
the interposed country. Over sea the explosiop of 
rockets may easily be seen at fifty or sixty miles ; and 
in mountainous countries the flash of gunpowder in an 
0 |>en spoon may be seen, if a proper station be chosen 
for its exhibition, at much greater distances. The 
interval between the stations of observation may also be 
increased by causing the signals to be made not at one 
of them, but at an intermediate point ; for, provided 
they are seen by both parties, it is a matter of indiffer- 
ence where they are exhibited. Still the interval which 
could be thus embraced would be very limited, and the 
method in consequence of little use, but for the following 
ingenious contrivance, by which it can be extended to 
any distance, and carried over any tract of country, 
however difficult. 

( 21 6 .) This contrivance consists in establishing, be. 
tween th^ extreme stations, whose difference of longi. 
tude is to be ascertained, and at which the local times 
are observed, a chain of intermediate stations, alter, 
nately destined for signals and for observers. Thus, 
let A and Z he the extreme stations. At B let a signal 
station he established, at which rockets, &c. are fired it 
stated iiiteirvals. At C let an observer be placed, pro- 
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Veiled with a chronometer ; at D, another signal station ; 
at E, another observer and chronometer ; and so on till 


I I i I I 

A li c i> K r 2 

the whole line is occupied by stations so arranged, that 
the signals at B can be seen from A and (; ; those at 
1), from C and E ; and so on. Matters being thus 
arranged, and the errors and rates of the clocks at A 
and Z ascertained by astronomical oliservation, let a 
signal be made at B, and observed at A and (", and 
the times noted. Thus the difference hc*twcen As 
clock and C’s chronometer becomes known. After a 
shofi iflterf al (five minutes for instance) let a signal lie 
made at I), and observed by C and E. Then will the 
difference between their respective chronometers he de- 
tennined ; and the diffcrericc between the former ami 
the clock at A being already ascertained, the (Jifferen^'c 
lietween the clock A and chronometer 10 is therefore 
kncArn. 'I’his, however, .supposes that the intermediate 
chronometer C lias ke{)t true sidereal time, or at least 
a khown rate, in the interval lictween the signals. Now 
this interval is purposely made so very short, that no 
instrument of any pretension to character can possibly 
produce an appreciable amount of error in its lapse. 
Thus the time propagated from A to C may lie con- 
sidered as handed over, without gain or loss (save from 
error of observation), to E. Similarly, by the signal 
made at F, and observed at £ and Z, the thne^ tran.s- 
niitted to E is forwarded on to Z ; and thus at length 
the clocks at A and Z are compared. The piipcess may 
he repeated as often as is necessary to destroy error by 
a mean of results ; and when the line of stations is 
numerous, by keeping up a succession of signals, so as 
to allow each observer to note alternately tbos^ on cither 
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idde^ which is easily pre-arranged, many comparisons 
may be kept running along the line at once, by which 
time is saved, and other advantages obtained.* In 
important cases the process is usually repeated on sevc-^ 
ral nights in succession. 

( 217 .) In place of artificial signals, natural ones, 
when they occur sufficiently definite for observation, 
may be equally employed. In a clear nighkthe number 
of those singular meteors, called shooting^stars, which 
may be ohserve^l, is usually very great. ; and as they are 
sudden in their appearance and disa])pearance, and from 
the great height at which they have been ascertained to 
take place arc visible over extensive regions of the earth s 
surface, there is no doubt that they may l)c resorted to 
with advantage, by pre\ious concert and agreement be- 
tween distant observers to watch and note them.t 

(218.) Another R[iecies of natural signal, of still 
greater extent and universality (being visiUe tince 
over a whole terrestrial hemisphere), is afforded by the 
eclipses of Jupiter's satellites, of which we shall speak 
more at large when we come to treat of those bodies. 
Every such eclipse is an event which possesses one 
great advantage in its applicability to the purpose in 
question, viz. that the time of its happening, at «ny 
fixed station, such as Greenwich, can be predicted from 
a long course of previous recorded observation and cal- 
culation thereon founded, and that this prediction is 
sufficiently precise and certain, to stand in the place of 
a corresponding observation. So that an observer at 
any other station wherever, who shall have observed one 
or more of these eclipses, and ascertained liis local time, 
instead of waiting for a communication with Greenwich, 
to infond him at what moment the eclipse took place 
there, may use the predicted Greenmck time instead, 
and ^eno% at once, and on the spot, determine his Ion- 

* For A complete account of tlili method, and the mode of deducing 
the moat advantEKeoui result from a ecmihmation of all thcobecrvatioiu, 
aee a paper on the difTereiioe of longitudes of Oreenwicb and Faria, 
Fhil. TranijelSai ; by the author thia vniutno. 

, f This idea wm Aral euggeated by the late Ur. Maskelyne. 
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gftude. This niodt* of ascertaining longitudes is, how. 
ever, as will hereafter appear, not susceptible of great 
exactness, and should only be resorted to when others 
cannot be had. The nature of the observation also is 
^ch that it cannot be made at sea ; so that, however 
useful to the geographer, it is of no advantage to navi, 
gation. 

( 219 .) But such phenomena as these are of only 
occasion^ otittfrrcnce ; and in their intervals, and when 
cut off from all communication with any fixed station, 
it is indispensable to possess some means of determining 
longitudes, on which not only the geographer may rely 
for a knowledge of the exact position of important sta. 
tions on land in jcniote regions, hut on ivhich the navi- 
gator can securcfly stake, at every instant of his ad- 
venturous course, the lives of himself and comrades, the 
interests of his country, and the fortunes of his em. 
plo);prs^. Such a method is afforded by Lunar Ob- 
servations. Though we have not yet introduced the 
reader to the phenomena of the moon's motion, this 
will not prevent us from giving here the exposition of 
the principle of the lunar method ; on the contrary, it 
will be highly advantageous to do so, since by this 
course we shall have to deal with the naked principle, 
apart from all the peculiar sources of difficulty with 
which the lunar theory is encumbered, but which are^ 
in fact, completely extraneous to t!ie prinriple of its 
application to the problem of the longitudes, which *8 
quite elementary. 

(220.) If there were in the heavens a clock fiir- 
lished with a dial-plate and hands, which always 
marked Greenwich time, the longitude of any station 
would be at once determined, so soon as the local time 
was known, by comparing it with this cIook. Now, 
the offices of the diaLplate and hands of a clock are 
these:— the former carries a set of marldl upon it, 
whose position is known ; the latter, by passing over 
and among these marks, informs us, by the place it 
holds with respect to them, what it is 0 cloc^ or what 
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time has elapsed since a certain moment when it stoo^I 
at one parficular spot. 

(22].) In a clock the marks on the dial-plate are 
uniformly distributed all around the circumference of a 
circle, whose centre is that on which the hands revolve 
with a uniform motion. But it is clear that we should, 
with equal certainty, though with much more trouble, 
tell what o'clock it were, if the marks on the dial-plate 
were unequally distributed, — if the hands wore cur- 
centric, and their motion not uniform, — provided 
we knew, 1st, the exact intervals round the circle at 
which the hour and minute marks were placed ; which 
would be tile case if we had them all registered in a 
table, from the results of previous careful measurement: 
— 2(lly, if we knew the exact amount and direction of 
excentricity of the centre of motion of the hands; — and, 
'idly, if we were fully acquainted with all the mechanism 
which put the hands in motion, so as to he able toj^y 
at every instant what were their velocity of Sioveinent, 
and 80 as to he able to calculate, without fear of error, 
HOW Aiircu^ime should correspond to so Midi angular 
nkovement. 

( 222 .) The visible surface of the starry heavens is 
the dial-plate of our clock, the stars are the fixed 
marks distributed around its circuit, the moon is the 
moveable hand, which, wdtli a motion that, superficially 
considered, seems uniform, but whicl), when carefully 
examined, is found to lie far otherwise, and regulated, 
by mechanical laws of astonishing complexity and in- 
tricacy in result, though beautifully simple in principle 
and design, performs a monthly circuit among them, 
passing visibly over and hiding, or, as it is called, 
occulting^, some, and gliding beside and between others ; 
and whosj position among them can, at any moment 
when it is visible, be exac3y measured by the help of a 
sextant, jilst as we might measure tlie place of^ur clock- 
hand among the marks Ojn its dial-plate with l^A.pair of 
compasses, and thence, |)^..ithe known and onl^lated 
laws of i^ motion, deduiso^^w time. That moon 
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Joes SO move among the stars, while the lattei:. hold con. 
fitantly^ with respect to each otherj the same relative 
position, the notice of a few nights, or even hours, 
will satisfy the commencing student, and this is all 
that at present we require. 

(333.) Ther^ is only one circumstance wanting to 
make our analogy complete. Suppose the hands of our 
clock, instead of moving quite close to the dial-plate, 
were considerably elevated above, or distant in front of 
it. Unless, then, in viewing it, we kept our eye just in 
the line of their center, we should not sec them exactly 
thrown or projected upon their proper places on tlie 
dial. And if we were either unaware of this cause of 
optical change of place, this parallax — or negligent in 
not taking it into account we might make great mis. 
takes in reading the time, by referring the hand to the 
wrong mark, or incorrectly appreciating its distance from 
the^ight. • On the other hand, if we took care to note, 
in every case, when wc had occasion to observe the time, 
the exact position of the eye, there would be no diffi- 
culty in ascertaining and allowing for the pi^ise inilu. 
ence of this cause of apparent displacement. Now, this 
is just what obtains with the apparent motion of the 
moon among the stars. The former (as will ap{>ear) is 
comparatively near to the earth — the latter 
distant; and in consequence of our not occupying 
the center of the earth, but being carried about on its 
surface, and constantly changing place, there arises a 
parallax, wjiich displaces the moon apparently among 
the stars, and must be allowed for before we can tdd the 
true place she would occupy if seen from the center. 

(324.) Such a clock as we have described might, 
no doubt, be considered a very bad one ; but if it were 
our only cm, and if incalculable interests were at stake on 
a perfect knowledge of time, we should regard it 
as most ni^ous, and think no pains ill bestowed in 
studyii^n^e laws of its nu||Ffmcnt8, or in facilitating 
the meK pf reading it cor^lj. Such, in the paraM 
we are drawing, is the lunar theory, whose object is to 

L 
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reduce to regularity^ the indications of this strang^y 
irregular.going clock, to enable us to predict, long before- 
hand, and witli absolute certainty, wherealtouts among the 
stars, at every hour, minute, and second, in every day of 
every year, in Greenwich local time, the moon w&uld be 
seen from the earth’s center, and will be seen from every 
accessible point of its surface ; and such is the lunar 
method of longitudes. The moon's apparent angular 
distances from all those principal and conspicuous stars 
which lie in its course, as seen from the earth’s center, 
are computed and tabulatc^d with the utmost care and 
precision in almanacks published under national control. 
No sooner does an observer, in any part of the globe, 
at sea or on land, measure its actual distance from any 
one of those standard stars (whose places in the heavens 
have been ascertained for the purpose with the most 
anxious sollicitude), than he has, in fact, performed that 
comparison of his local time with the local times ef ^ery 
observatory in the world, which enables him to ascertain 
his difference of longitude from one or all of them. 

The latitudes and longitudes of any number 
of points on the earth s surface may be ascertained by 
the methods above described ; and by thus laying down a 
8u6Scient number of principal points, and filling in the 
intermediate spaces by local surveys, might maps of 
counties be constructed, the outlines of continents and 
islands ascertained, the courses of rivers and mountain 
chains traced, and cities and towns referred to their 
proper localities. In practice, however, it is found 
simpler and easier to divide each particular nation into 
a scries of great triangles, the angles of which are 
stations conspicuoudy visible from each other. Of 
these tri|ngles, the angles only ore measured by means 
of the theodolite, with the exception of one side only of 
one iriangfe, width is called a base, and ifrhich is mea- 
sured wi& every refinement which ingenuity can de- 
vise or expense command.-^ This base is of moderate 
extent, rarely surpassing dx ex seven miles, and pur- 
posely selected in a perfectly horiasontal plane, othenviie 
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jonveniently adapted fbr purposes of measurement. Its 
length between its two extreme points (which are dots 
on plates of gold or platina let into massive blocks of 
stone, and which are, or at least ought to be, in all cases 
preserved with almost religious care, as monumental 
records of the highest importance), is then measured, 
with every precaution to ensure precision*, and its 
position with respect to the meridian, as wdl as the 
geographical positions of its extremities, carefully as. 
certained. 

(22().) The annexed figure represents such a chain of 
triangles. A B is the base, O, C, stations visible from 



both its extremities (one of which, O, we will suppose 
to be a national observatory, with wliich it is a principal* 
object that the base should as closely and immediately 
connected as possible) ; and D, £, G, H, K, other 
stations, remarkable points in the county, by whose con- 
nection its whole surface may be covered, as it wen^ 
with a network of triangles. Now, it is evident that 
the angles of the triangle A, B, C being observed, and 
one of its sides, A B, measured, the other two sides, 
A C, B C, may be calculated by the rules oQtrigono. 
metry ; and thus each of the sides A C and B Cf becomes 
in its turn a hate capable of being eroployed^gs known 
sides of odier tiian^es. For instance, the ang^ of 
the triang^ A C G and B C F being known by ob- 

* the grtaiieitiNMilUe eiTOT in the liisb bue of between tenm end eight 
taUei, netr Londsaderrr,!* luproMd wa to esceed two inchai. 

If 3 
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servatlon^ and their sides A C and B C, we can thencie 
calculate the lengths AG, CG,andBF,CF. Again,CG 
and C F being known, and the included angle G C F, 
G F may be calculated, and so on. Thus may all the 
stations be accurately determined and laid down, and as 
this process may be carried on to any extent, a map 
of the whole county may be thus constructed, and filled 
in to any degree of detail we please. 

(237.) Now, on this process there are two important 
remarks to be made. The first is, that it is necessary 
to be careful in the selection of stations, so as to form 
triangles free from any vt^r^ great inequality in their 
angles. , For instance, the triangle K B F would be a 
very improper one to deU'rmine the situation of F from 
observations at B and K, because the angle F being 
very acute, a small error in the angle K would produce 
a great one in tlie place of F vjfon the line B F, Such 
ilLcmditioned triangles, therefore, must be wvokled. 
But if this be attended to, the accuracy of the deter- 
mination of the calculated sides will not be much short 
of that which would be obtained by actual measurement 
(were it practicable ) ; and, therefore, as we recede from 
the base on ail sides as a center, it will speedily become 
practicable to use as bases, Uic sides of much larger 
triangles, such as G F, G H, H K, ke, ; by which means 
the next step of the operation will come to be carried 
on a much larger scale, and embrace far greater in- 
tervals, than it would have been safe to do (for the 
above reason) in tlie immediate neighbourhood of the 
base. Thus it becomes easy toMivide the whole face 
of a country into great triangles of from 30 to 100 
miles in their sides (according to the nature of the 
ground)|< which, being once well determined, may be 
afterwards, by a second series of subordinate operations, 
broken ujn into smaller ones, and theae again into othm 
iOf a still minuter order, till Ae final filling in is brought 
widiin tlie limits personal survey and draftsmanah^, 
and till a map is constructed, with any required degree 
of detaiL* 
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(228.) The next remark we hare to make that 
all the triangles in question are not^ rigorously speak- 
ings plane, but spherical — existing on the surface of a 
Spheres fathers to speak correctlys of an ellipsoid. In 
very small triangless of six or seven miles in the side^ 
this may be nc^lecteds as die difference is imperceptible; 
but in the larger ones it must be taken into consider, 
ation. 

It is evident that, as every object used for pointing 
the telescope of a tlieodolite has some certain elevation, 
not only above the soil, but above the level of the sea, 
and as, moreover, these elevations differ in every in. 
stance, a reduction to the horizon of all the measured 
angles would appear to be required. But, in fact, by 
the construction of the theodolite (art. 155.) wliich is 
nothing more than an altitude and azimuth instrument, 
this reduction is made in the very act of reading off the 
horizontal angles. Let E be 
the center of the earth ; A, 
B, C, tlie places on its sphe^ 
rical surface, to which diree 
stations. A, P, Q, in a coun- 
try are referred by radii £ 
A, EBPsECQ. If a the- 
odolite be stationed at A, the* 
axis of its horizontal circle 
will point to £ when truly 
adjusted, and its plane will be 
a tangent to the sphere at A, 
intersecting the radii EBP, 
£ C Qs at M and N, above 
the spherical surface. The 
telescope of the theodolite, it is true, is in sue. 

cession to P, and Q; but the readings off of its azimuth 
circle give — not the angle P A Q between thodirecdons 
of the telescope, or between the objects P, Q, as seen 
f^m A; but the azimuthal angle M A which is the 
measure of the an^e A of the spherical triangle BAG. 
Hence arises this remarkable drcumstance,«^tihat the 
h 3 
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sum of the tliree observed angles of any of the great tri- 
angles in geodesical o})erationB is always found to be 
ra^er more than 180^: were the earths surface a plane, 
it ought to be exactly 180°; and this exoeM, which is 
called the spherical cxcm, is so far from being a proof 
of incorrectness in the work^ that it is essential to its 
accuracy^ and offers at the same time another palpable 
proof of the earth's sphericity. 

( 229 .) The true way, then, of conceinng the subject 
of a trigonometrical survey, when the spherical form of 
the earth is taken into consideration^ is to regard the 
network of triangles with which the country is covered 
as the bases of an assemblage of pyramids converging to 
the center of the earth. The theodolite gives us the 
true measures of the angles included by the planes of 
these pyramids ; and the surface of an imaginary sphere 
on the level of the sea intersects them in an assemblage 
of spherical triangles, above whose angles, in thb 
prolonged, the real stations of observation are raised by 
the superficial inequalities of mountain and valley. The 
operose calculations of spherical trigonometry which this 
consideration would seem to render necessary for the 
reductions of a survey, are dispensed with in practice 
by a very simple and easy rule, called the rule for the 
spherical ewcess, which is to be found in most worb on 
trigonodietry.* If we would take into account the el- 
lipddty of the earth, it may also be done by appropriate 
processes of calculation, which, however, are too ab- 
struse to dwell upon in a work like the present. 

(280.) Whatever process of calculation we adopt, 
the result will be a reduction to the levd of the sea, of 
all die triangles, and the consequent determination of 
the geog^pMcal latitude and longitude of every station 
observed. Thus we are at leng& enabled to construct 
maps of countries ; to lay down the outlines of cond* 
nents and islands ; the courses of rivers ; the direction 
of roountaiui ridges, and the places of their principal 

• tirdtoa*# THgononwtry, propt 9i Woodbowrt dltto^ pt 148. U 
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/ammita ; and all those detdls which, as they belong to 
physical and statistical, rather than to astronomicid 
geography, we need not here dilate on. A few words, 
however, will be necessary respecting maps, which are 
used as well in astronomy as in geography. 

(231.) A map is nothing more than a representation, 
upon a plane, of some portion of the surface of a sphere, 
on which are traced the particulars intended to he ciu 
pressed, whether they be continuous outlines or points. 
Now, as a spherical surface * can by no contrivance be 
extended or projected into a plane, without undue eiu 
largement or contraction of some parts in proportion to 
others ; and as the system adopted in so extending or 
projecting it will decide what parts shaU be enlarged or 
relatively contracted, and in what proportions; it follows, 
that when large portions of the sphere are to be mapped 
down, a great difference in their representations may 
suhiisl^ aopording to the system of projection adopted. 

(232.) The projections chiefly used in maps, are 
the orthographic, stcreographie, and Mercators, In the 
orthographic projection, every point of the hemisphere Is 
referred to its diametral plane or base, by a perpendicular 
let fall on it, so that the representation of die hemi- 
aphere thus mapped on its 
base, is such as it would ac- 
tually appear to an eye plat)rr} 
at an infinite distance from it. 
It is obvious, from the an- 
nexed figure, that in tliis pro- 
jection only the central por- 
tions are represented of their true forms, while all the 
exterior is more and more distorted and crowded toge- 
tlier as we approach the edges of the map. ^wing to 
this cause, the orthographic projection, thAigh very 
good for small portions of the globe, is of Ifftle service 
for laj^ ones. 

(2^.) The itereographic projection is great mea- 

* We hcwncsleet the elllpticity of the earth, which, for luch aputpoic 
a* nap^nakSiig, ig too triSing to bare any inat4Bnal InSuenee. • 

I* 4 
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Bttre hete from this defect To understand this pr^ 
Jection^ we must conceive an eye to be placed at £> one 
extremity of a diameter, £ C B, of the sphere, and to 
view the concave surface of the sphere, every point of 
which, as P, is referred to the diametral plane A D F, 



perpendicular to E B • by the visual line P M E. The 
Btercographic projection of a sphere, then, is a true 
perspective representation limits concavity on a diametral 
plane f and, as such, it pounds some singularly elegant 
geometrical properties, of which we shall state one or 
twp of the principal. 

(834.) And first, then, all circles on the sphere are re- 
presented hy circles in the projection. Thus the circle 
X is projected into x. Only great drcles passing through 
the vertex B are projected into straight lines traversing 
the center C : thus, B P A is projected into C A. 

2dly. Every very small triangle, G H K,on the sphere, 
is represanted hy a similar triangle, g hk, in the pro- 
jection. ^his is a very valuable property, as it insures 
a general umilarity of appearance in the map to the 
xe^ty in m its pa^, and enables us to project at least 
a hemisphere^in a single map, without any violeiit dis. 
toition of the configurations on the surface from their 
real fonnai As in Ae orthographic projection, ^ hoe* 
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Jen of the hemisphere are unduly crowded together; in 
the stereographies their projected dimensions are, on the 
contrary, somewhat enlarged in receding from the center. 

(235.) Both these projections may be considered 
natural ones, inasmuch as they are really perspective 
representations of the surface on a plane. Mercator's 
is entirely an artificial one, representing the sphere as 
it cannot be seen from any one point, but as it might 
be seen by an eye carried successively over every part 



of it. In it, the degrees of longitude, and those of latL 
tude, bear always to eat^iy^er their due proportion : 
the equator is conceived 'itd be extended out Into a 
straight line, and the meridians arc straight lines at 
right angles to it, as in the figure. Altogether, the 
general character of maps on this projection is not Vlri«y 
dissimilar to what would be produced by referring every 
point in the globe to a circumscribing cylinder, by lines 
drawn from &e center, and then unrolling the cylinder 
into a plane. Like the stereographic projection, it gives 
a true representation, as to form, of every partiodar 
small part, but varies greatly in point of nah in its 
difierent regions ; the polar portions in partiAlar being 
extravagantly enlarged ; and the whole map^^ even of a 
single hemisphere, not being comprizable within imy 
finite limits. • 

(S36.) We shall not, of course, enter here into 
any geographical details ; but one result ofi maritime 
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discovery on the great scale is, so to speakj^ maaai^ 
enough to call for mention as an astronomic^d feature. 
When dte continents and seas are laid down on a glohe 
(and since the discovery of Australia we are sure that 
no very extensive tracts of land remain unknown, ex- 
cept perhaps at the south pole), we find that it is 
possible so to divide the globe into two' hemispheres, 
that one shall contain nearli/ all the land; the other 
being almost entirely sea. It is a fact, not a little 
interesting to Englishmen, and, combined with our 
insular station in that great highway of nations, die 
Adantic, not a little explanatory of our commercial emi. 
nence, that London occupies nearly the center of the 
terrestrial hemisphere. Astronomically speakiiig, die 
fact of this divisibility of the globe into an oceanic and 
a terrestrial hemisphere is important, as demonstrative 
of a want of absolute equality in the density of die solid 
materia] of die two hemispheres. Considering die whole 
mass of land and water as in a state of equiUhrium, it 
is evident that the half which protrudes must of ne- 
cessity he buoyant; no^t, of course, that we mean to 
assert it to be lighter than water, but, as compared with 
the whole globe, in a k»8 degree heavier than that fluid. 

leave to geologists to draw from these premises their 
own conclusions (and we diink them obvious enough) 
as to the internal consutution of the globe, and the im. 
mediate nature of the forces which sustain its continents 
at their actual elevation ; but in any future investigations 
which may have for ^eir object to explain the local 
deviations of die intensity of gravity, from what the 
hypothesis of an exact elliptic figure would require, 
this, as a general fact, ought not to be lost sight of. 

(237. )b Our knowledge of the surface of our gbbe 
is incomifiete, unless it include the heights above the 
sea level o^ every part of the land, and the depression of 
the bed of the ocean bdow the surface over all its ex. 
tent. The letter olgect is attainable (with whatever 
difficult and however slowly) by direct sounding ; the 
fiirmer by two distinct methc^: the one consisting in 
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tfigonometrical measiurement of the difierences of levd 
of all the stations of a survey; the other, by the use of 
the barometer, the principle of which is, in fact, iden- 
tical with that of the sounding line. In both cases we 
measure the distance of the point whose level we would 
know from the surface of an equilibrated ocean: only in 
the one case it is an ocean of water; in the other, of air. 
In the one case* our sounding line is real and tangible; 
in tlie other, an imaginary one, measured by the length 
of the column of quicksilver the superincumbent air is 
capable of counter^lancing. 

(238.) Suppose that instead of air, the earth and 
ocean were covered with oil, and that human life could 
subsist under such circumstances. Let ABODE be a 



continent, of which tlie portion ABC projects above the 
water, but is covered by the oil, which also floats at an 
unifonn depth on the whole ocean. Then if we would know 
the depth of any point D below the sea level, we lot 
down a plummet from F, But if we would Imow the 
height of B ajrsve the same level, we have otily to send 
up a float frrf j £ to the surface of the oil ; and having 
done the same at C, a point at the eea level, the difference 
of the two float lines gives the height in question* 

( 239 .) Now, though the atmosphere diflen from oil 
in not having a positive surface equally defimie, and in 
not being capal^ of carrying up any floa|; adequate 
to such an use, yet it possesses all the propertieB of a 
fluid really essential to the purpose in vie^, and this in 
particular, -.-.that, over the whole surface of the g^obe, 
its strata ofeqUal density are parallel to thefiurfaoe of 
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equilibrium, or to what would be the surface of the 
if prolonged under the continente, and therefore each 
or any of them has all the characters of a definite 
surface to measure from, provided it can be ascertained 
and identified. Now tlie height at which, at any station 
B, the mercury in a barometer is supported, informs 
U8 at once how much of tlie atmosphere is incumbent 
on B, or, in other words, in what stratum of the 
general atmosphere (indicated by its density) B is 
situated : 'whence we are enabled finally to conclude, by 
mechanical reasoning*, at ivhat height above the sea- 
level tiiat degree of density is to he found over the whole 
surface of the globe. Such is the principle of the appli. 
cation of the barometer to the measurement of heights. 
For details, the reader is referred to other works. + 
(240.) Possessed of a knowledge of the heights of 
stations above the sea, we may connect all stations at the 
same altitude by level lines, the lowest of wWcli avill he 
the outline of the sea-coast ; and the rest wiU mark out 
the successive coast.lines which would take place were 
the sea to rise by regul^ and equal accessions of level 
over the whole world, till the highest mountains were 
submerged. The bottoms of valleys and the ridge- 
lines of hills are determined by their property of inter- 
secting all these level lines at right angles, and being, 
subject to that condition, the shortest and longest 
courses respectively which can be pursued from the 
summit to the sea. The former constitute the water- 
courses of a country ; the latter divide it into drainage 
basins : and thus originate natural districts of the most 
inefikceable character, on which the distribution, limits, 
and peculiarities of human communities are in great 
measure dependent. 

• 8w Cab. Cycl. Pneumatics, art, 143. 

t Biot, Physique, vol. a For tables, see the work of Biot 

dted. Also those of Oltmann, annually publiibed by Uie French board ot 
longitudes in their Annualie s and Mr. Bally's Collection of Aitronomlcal 
TnUoiaiidFomvla. 
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CHAP. IV. 

OF URANOGRAPHY. 

CONSTRUCTION OP CKLISTIAL MAPS AND OLOltBS BT OBSERV- 
ATIONS OF RIGHT ASCENSION AND DECLINATION. — - CELESTIAL 
OBJECTS lUSTINOUlSHED INTO FIXED AND ERRATIC. — OF TUX 
CONSTELLATIONS. NATURAL HBCION8 IN TtlK HEAVENS. — 
THE MILKY WAV'. THK ZODIAC. — OF THE ECLIITIC. — CE- 

LESTIAL LATITUDES AND LONCTPODES. —PRECESSION OP THE 
EQUINOXES. — NUTATION. — ABERRATION. — URANOORAPHICAL 
PRORLEM.S. 

(241.) The determination of the relative situations of 
objects in the heavens^ and the construction of maps 
and globctb which shall truly represent their mutual 
configurations^ as well as of catalogues which shall pre- 
serve a more precise numerical record of the position of 
eachj is a task at once simpler and less laborious than 
that by which the surface of the earth is mapped and 
measured. Every star in the great constellation which 
appears to revolve above us, constitutes, so to speak^ a ce- 
lestial station ; and among these stations we may, as upon 
the earth, triangulate, by measuring witli proper instru- 
ments their angular distances from each other, whi<^/ 
cleared of the effect of refraction, are then in a state fbr 
laying down on charts, as we would tlie towns anA 
villages of a country : and this without moving from 
our place, at least for all the stors which rise above 
horizon. 

(242.) Great exactness might, no doj^li; b| attained 
by this means, and excellent celestial charts coillitructed ; 
but there is a far simpler and easier, and, the same 
time, infinitely more accurate course laia open to 
us, if we take advantage of the earth s rotation on its 
axis, and by observing each celestial object as it passes 
our meridian, refer it separately and indepegdently to 
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the celestial equator, and thus ascertain its plao^ on t^e 
surface of an inoaginary sphere^ which may be con^ 
ceived to revolve with and on which it may Mb con- 
sidered as projected. \ 

(243.) The right ascension and declination ofapSk’*'^ 
in the heavens correspond to the longitude and latitude^ 
of a station on the earth ; and the place of a star on a 
celestial sphere is determined, when the former elements 
are known, just os that of a town on a map, by know- 
ing the latter. The great advantages which the method 
of meridian observation possesses over that of trian- 
gulation from star to star, are, then, 1st, That in it 
every star is observed in that point of its diurnal course, 
when it is beat seen and least displaced by refraction. 
2dly, That the instruments required (the transit and 
mural circle) arc the simplest and least liable to error 
or derangement of any used by astronomers. .3dly, 
That all the observations can be made systervatioally, in 
regular succession, and with equal advantages ; there 
being here no question about advantageous or disad- 
vantageous triangles, And, lastly, That, by adopting 
this course, the very quantities which wt should other- 
wise have to calculate by long and tedious operations 
of spherical trigonometry, and which arc essential to 
the formation of a catalogue, arc made the objects 
of immediate measurement. It is almost needless to 
state, then, that this is the course adopted by aatro- 
nomers. ^ 

(244.) To determine the right ascension of a celestial 
object, all diat is necessary is to observe the moment of 
' its meridian passage with a transit instrument, by a 
clock regulated to exact sidereal time, or reduced to 
such by upplying its known error and rate. The rait 
may be obtained by repeated observations of the same 
star at itc successive meridian passages. The error, 

I ,^wever, requires a knowledge of the ejutnos, or initial 
^ {Munt from which all right ascensions in the heavens 
redcon, as longitudes do on the earth from a first men- 
djayt. I 
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^ (245.) The nature of tliia point will be explained pre- 
sently ; but for the purposes of uranography^ in so far 
as they concern only the actual configurations of the 
stars inter se, a knowledge of the equinox is not ncces. 
sary. The choice of the equinox^ as a aero point of 
light ascensions^ is purely artificial, and a matter of 
convenience: but as on the earth, any station (os a 
national observatory) may be chosen for an origin of lon- 
gitudes ; so in uranography, any conspicuous star may 
he selected as an initial point fnun which hour angles 
may be reckoned, and from which, by merely ob« 
serving differences or intervals of titne, the situation of 
all others may be deduced. In practice, these inteiv 
vals arc affected by certain minute causes of inequality, ^ 
which must be allowed for, and which will be explain^ 
in their proper places. 

(246.) The declinations of celestial objects .are ob. 
tained,«lst^By observation of their meridian altitudes^ 
with the mural circle, or other proper instruments. 
This requires a knowledge of the geographical latitude 
of the station of observation, which itself is only to be 
obtained by celestial observation. 2d1y, And more 
directly by observation of their polar distances: on the 
mural circle, as explained in art. 1 36., which is inde- 
pendent of any previous determination of the latitude of 
the station ; ndther, however, in this case, does ob- * 
serration give directly and immediately the ejtact de- 
clinationSi The observations require to l)e corrected, 
first for refraction, and moreover for those minute 
causes of inequality which have been just aDuded to in 
the case of right asoensions. 4 

(247.) In this manner, dicn, may the places, one 
among the other, of all celestial objects be ascertained, 
and maps and globes constructed. Now her# arises a 
very important question. How far are these places 
jpexmanent ? Do these stars and the greater luminaries 
of heaven preserve far ever one invariably connection 
and rdation of place inter se, as if they formed part of 
a solid though invisible firmament ; and, like Ae great 
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natutsl land-marlcB on the earthy preserve immutably Ae 
same distances and bearings each from the other ? If so^ 
the most rational idea we could form of the universe 
would be that of an earth at absolute rest in the centre^ 
and a hollow crystalline sphere circulating round it^ and 
carrying suDj moonj and stars along in its diurnal 
motion. If not, we must (lismiss all such notions, 
and enquire individually into the distinct history of 
each object, with a view to discovering the laws of its 
l>eculiar motions, and wliether any and what other con- 
nection subsists l^tween them. * 

(248.) So far is this, however, fnnn being the case, 
that observations, even of the most cursory nature, are 
sufficient to show that some, at least, of the celestial 
bodies, and those the most conspicuous, are in a state 
of continual change of plap among the rest. In the 
case of tlie moon, indeed,^)c change is so rapid and 
remarkable, that its alteration of situation ^ith« respect 
to such bright stars as may happen to be near it may 
be noticed any fine night in a few hours; and if noticed 
on two successive nights, cannot fail to strike the most 
careless observer. With the sun, too, the change of 
place among the stars is constant and rapid ; though, 
from the invisibility of stars to the naked eye in the 
day.time, it is not so readily recognized, and requires 
either the use of telescopes and angular instruments to 
measure it, or a longer continuance of observation to be 
struck with it. Nevertheless, it is only necessary to call 
to mind its greater meridian altitude in summer than 
in winter, and the fact that the stars which come into 
view at night vary with the season of the year, to per- 
ceive that a great change must have taken place in that 
interval jn its relative situation with respect to all the 
stars, fiesides the sun and moon, too, there are several 
other bo<|ies, called planet^ which, for the most part, 
appear to the naked eye only as the largest and most , 
brilliant stars, and which o£fbr the same phenomenon of 
A constant change of place among the stars ; now 
proachipg, and now receding from, such of them as we 
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may refer them to as marks ; andj some in longer, some 
in shorter periods, making, like the sun and moon, the 
complete tour of the heavens. 

( 249 .) These, however, are exceptions to the general 
rule. The innumerable multitude of the stars which 
arc distributed over the vault of the heavens form a 
constellation, which preserves, not only to the eye of 
the casual oWrvcr, but to the nice examination of the 
astronomer, a uniformity of aspect which, when con. 
trasted with the perpe^al change in the configurations 
of the sun, moon, and planets, may well be termed in. 
variable. It is not, indeed, tliat, by tlic refinement of 
exact measurements prosecuted from age to age, some 
small changes of apparent place, attributable to no 
illusion and to no termfttrial cause, cannot he detected 
in some of them ; — such m called, in astronomy, the 
proper motioua of the stars ; — but these are so excessively 
slow, that atheir accumulated amount (even in those 
stars for which they are greatest) has been insufficient, 
in the whole duration of astronomical history, to produce 
any obvious or material alteration in the appearance of 
the starry heavens. 

(250.) This circumstance, then, establishes a broad 
distinction of the heavenly bodies into two great classes 
— the fixed, among which (unless in a course of ob- 
servations continued for many years) no change of > 
mutual situation can he detected ; and the erratic, or 
wandering — (which is implied in the word planet^) — 
including the sun, moon, and planets, as well as the 
singular class of ^dies termed comets, in whose ap- 
parent places among the stars, and among each otlier, 
the observation of a few days, or even hours, is sufficient 
to exhibit an indisputable alteration. * 

(251.) Uranography, then, as it concerns we fixed 
ceMal bodies (or, as ^ey are usually calledf the fimed 
•vtefs), is redact to a simple marking down of their 
relative places on a globe or on maps ; to the insertion 
on that £^obe, in its due place in the great constellation 

• llX«Hmir« » wanderer. 



l62 A V^lfcATISE ON ASTBONOHV* OBAP. IT* 

of the stars/ of ■ the pole of llie heavens, or the vanislil 
ing point of parallels to the earth's axis ; and of the 
eq^tor and place of the equinox ; points and circles 
these, which, though artificial, and having reference en. 
tirely to our earth, and therefore subject to all changes 
(if any) to which the earth's axis may be liable, arc 
yet so convenient in practice, that they have obtained 
an admission (with some other circles and lines), sane, 
tioned by usage, in all globes and planispheres. The 
reader, however, will take care to keep them separate 
in his mind, and to familiarize himself with the idea 
rather of two or more celestial globes, superposed and 
fitting on each other, on one of which— a real one — 
are inscribed the ^rs ; on the others those imaginary 
points, lines, and mcles which astronomers have devised 
for th^ own uses, and to aid their calculations ; and 
to himself to conceive in the latter, or artificial, 

spheres a otf^piAdlity of being, shifted in any manner upon 
the surface of the other; so that, should experience de. 
inonstrate (as it does) tliat these artificial points and 
lines are brought, by a slow motion of the earth’s axis, 
or by other Bocnlar mriatiom (as they are called), to 
coincide, at very distant intervals of time, with dif« 
ferent stars, he may not be unprepared for the change, 
and have no confusion to correct in his notions. 

( 252 .) Of course we do not here speak of those 
uncouth figures and outlines of men and monsters, 
which arc usually scribbled over celestial globes and 
maps, and serve, in a rude and barbarous way, to enable 
118 to talk of groupa of stars, or districts in the heavens, 
by names which, though absurd or puerile in their 
origin, have obtained a currency from which it would 
be difficLlt, and perliaps wrong, to dislodge diem. In 
sd far as dicy have really (as some have) any slight 
resemblanee to the figures cafied up in imagination by 
a view of the more splendid constellationB,’* they 
have a ceit;un convenieiice ; but as they are other. 
wi$e.‘^enturely arbitrary, and correspond to no natunU 
sublUviBions or groupings of the star^ astronomm 
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/reat them lightly, or altogether disregard them *, except 
for briefly naming remaritable stars, as a li^nis, jfl 
Scorpii, &c. &c., by letters of the Greek alphab^ 
attached to them. The reader will And them on any 
celestial charts or globes, and may compare them with 
the heavens, and there learn for himself >dieir position. 

(253.) The^e are not wanting, however, natural dis- 
tricts in the heavens, which offer great peculiarities of 
character, and strike every observer : such is the milky 
way, that great luminous band, which stretches, >«very 
evening, all across the sky, from horiaon to horizon, 
and wliich, when traced with diligence, and mapped 
down, is found to form a zone completely encircling 
the whole sphere, almost in a great circle, which is neither 
an hour circle, nor coincident widi any other of our 
astronomical grammata. divided in one paal^|^ ita 
course, sending off a kind or branch, which unitas^gain 
with the iiftain body, after rematning distinct for about 
150 degrees. This remarkable belt has maintained, 
from the earliest ages, the same relative situation among 
the stars ; and, when examined through powerful tele- 
scopes, is found (wonderful to relate ! } to consist entirely 
of stars scatter^ by millions, like glittering dust, on 
the black ground of the general heavens. 

(254.) Another remarkable region in the heavens is 
the zodiac, not from any thing peculiar in its own 
stitution, but from its being the area within which the 
apparent motions of the sun, moon, and all the greater 
planets are confined. To trace the path of any one of 
these, it is only necessary to ascertain, by continued ob* 
servation, its places at successive epochs, and entering 
these upon our map or sphere in sufficient immbar $o 
form a series, not too far ^sjoined, to connet^dhem hf' 
lines from point to point, as we mark out of 

* ThU dbregard U noither lupcrclllout nor ckumIom. 
tioQi oeem to hove been abnoitpuTpoaely named and deUnamodtaanue as 
much oonAukm and inconvenience as iwssible. Innumecafite umiUb twine 
chrongh long and contorted areas of thv heavens, where wo foemonr can 
roUowtban ; beam, lions and fishes, large and small, northern and •oolliSrn, 
cwtfhie all noinend|tture, Ac. A better system of oonsteUaUom have 

Itcsn a ntaterial h^ as an axtiflcial motaory. 

M 8 
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a Teasel at sea by mappiog; .tem its place from day tb 
day. Now when this is doiii^ n founds firsts thit^ ilie 
apparent path^or track, of theibn on the 
heavens, is no other than an exact grdat 
sphere which is called die ecliptic, and Which is in- 
clined to the equinoctial at an angle of about 23^ 28^, 
intersecting it at two opposite points, called the equi- 
noctial points, or equinoxes, and which are distinguished 
from each oth^ by the epithets vernal and autumnal ; 
die vernal being that at which the sun crosses the equi- 
noctial from south to north ; the autumnal, when it quits 
the northern and enters the southern hemisphere. Se- 
condly, that the moon and all the planets pursue paths 
which, in like mM|ger, encircle the whole heavens, but 
are not, like that or the sun, great circles exaedy re- 
turning into themselves and bisecting the sphere, but 
rather spiral curves of much complexity, and described 
with very unequal velocities in their difievent* parts. 
They have all, however, this in common, that the 
general ditectim of their motions is die same with that 
of the sun, viz. from went to east, that is to say, the con- 
trary to that in which bot^ihey and the stars appear to 
be carried by the diurnal uiltion of the heavens ; and, 
moreover, that they never deviate far from the ecliptic 
on either aide, crossing and recrossiiig it at regular and 
equal intervals of time, and confining themselves within 
a zone, or belt (the aodiac already spoken of), extending 
9° on either side of the ecliptic. . 

(255.) It would, manifesdy be uadess to map down 
on glolies or chaM^he apparent pafibs of . |^y of those 
bodies which nefb retrace die saute and which, 

therefore, demonstrably, must oecupy'ai some one mo- 
ment brother of their history, every point in the area 
of that zone of the heavens within which ^ey are cir- 
oumscribsd. The apparent complication of their move- 
mema juises (that of the moon excited)* from our view, 
hyll^fron a station wbiidi is Itsdf in motion, and would 
dia^iar, could we shift our point of view imd obse.rve 
the sun. On the other hand the apparent 
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inatimi of the 61 UI ii pi«|^e3 to us under its least in- 
fom, and is from the station we occupy^ 

■ to’ the gieatest advantage. So Uiat, ini^j^endent of the 
f unportance of that luminary to us in other <(lfi 8 peclS 4 it 
is by tlie investigation of the laws of its motions in the 
fir|t instance that we must rise to a knowledge of those 
onll the other bodies of our system. 

(256.) The ecliptic^ which is its apparent path among 
the stars, is traversed by it in the period called the 
sidereal year, which consists of S65** 61' 9"* 9**6, 
reckoned in mean solar time, or S66** 6*'^9"* 9**6 reckon- 
ed in sidereal time. The reason of this difference (and 
it is this which constitutes die origin of the difference 
between solar and sidereal time) iui|^that as the sun s 
apparent annual' motion among the stars is performed 
in a contrary direction to the apparent diurnal motion 
of botji sun and stars, it comes to tlie same thing as if 
the diurnal motion of the sun were so much slower thin 
that of the stars, or as if the sun lagged behind them in 
its daily course. Where this has gone on &r a whole 
year, the sun will have ^ilfen b^nd the stars by a 
whole circumference of thAeavens — or, in other words 
in a year, the aun wiUlbve made fewer diurnal re- 
volutions, by one, than the stars. So that the same 
interval of time which is measured by 366^6**, &c. 
of sidereal time, if reckoned in mean solar days, hotirft, 
&c. will be called 365** 6**, &c. Thus, then, is the pro- 
portion between the' mean solar and sidereal day esta.. 
blished, which, reduced into a dec^al fraction, is that 
of 1*00273791 to 1. The m6asttia||ent of rime by . 
these different standaids may be coiSpared to that of 
space by the standard feet, or ells of two diftient 
nations ; the proportion of which, once settled>S»m never 
become a source of error. 

( 257 .) The posititm of the ecliptic sanion| the stars 
nay, for our present purpose, be regaided as invaihdik. 
It b true that this is not strictly the case /and e9|;^ei^- 
together its position at present ^ch 

it held at the most distant epoi^ at which we *^sess 
If 3 
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obiel^ations, we find evideneea of a sttall which 

theory accounts for^ and whose nature will be hereafter 
explained ; but that diange is so excessively dow^ that 
for a great many successive years^ or even for whole 
centuries^ this ciig may be regarded as holding the same 
position in the sSl^al heavens. 

(258.) The poles of the ecliptic, like those of any omer 
great circle of the sphere, are opposite points on its 
surface^ equidistant from the ecliptic in every direction, 
l^ey are of course not coincident with those of the 
equinoctialj but removed from it by an angular interval 
equal to the inclination of the ecliptic to the equinoctial 
(23° 28")^ which is called the obliquity of the ecliptic. 
In the annexed B0re, if Pp represent the north and 
south poles (by which^ when used without qualification 
we always mean the poles of the equinoctial), and 
£ Q A V the equinoctial, V S A W the ecliptic^ and 
its poles — the spherical angle QVS» the ob. 
liquity of die ecliptic^ and is equd in angular measure 
to P K or S Q. If we suppose the sun’s apparent mo- 
tion to be in the direction V S A W, V will be the oer- 
‘ naJ and A the autumnal equinox, S and W, the two 
jpbhila ^ which the ecliptic is most distant from the 
are termed solstices, because^ when arrived 
the^^ sun ceases to recede from the equator^ and 
(in that sense, so far as its motion in declination is con- 
cerned) to stand still in die heavens. S, the point where 
the sun has the greatest northern declination, is called 
the summer solstiee, and W^^^at where it is farthest 
soudi, the winter. These e]^ets obviously have their 
origin dependence of iffte seasoaf^ on the sun’s 
de^ati^Wliich will be explained in dm next chapter. 

drcK £ K PQ kp, which passes through the poles 
of the ecliptic and equinoctial, is called solstitial 
fkijliire; aiul a meridian drawn through the equinoxes, 
IS^fA y the equinoctial ednre. 

Sihee the eeUpticludds a determinate situatioD 
mHmrry ^ it may be employed, like the equi- 

uoe^ ae^asdlr ihe poaitiOBa of tlie stars to, by cirdes 
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^rawn through from iU foles, and thenpfore per. 
pendicular to it. Such circles Mtermed^ in astronomy, 
circles of latitude — the dUtai»B of a star from the 
ecliptic, reckoned on the circle of latitude passing 
through it, is called tlie latitude of Jk stars — and the 
arc of the ecliptic intercepted betwfljk the vernal equi. 
tiox and this circle, its longitude. In the figure X is a 


p 



•tar, P X R a circle of declination drawn through it, 
by which it is referred to the equinoctial, and K X T 
a circle of latitude referring it to the ecliptic •*— then^ aa 
V R is the right ascension, and R X the dedination, of 
X, so also is V T ito longitude, and T X its latitude. 
The use of the terms longitude and latitude, in this 
sense, seems to have originated in considering the 
ecliptic as forming a ^nd of natural equator to the 
heavens, as the terrestim equator does to the earth-— 
the former hglding an, invariable porition with respect 
to the stars, as the latter does with tctpHA to sUtions 
on the earth’s surface. The force of thitfobseifilMW 
will presently become apparent. 

(260.) Knowing the right ascension add dedinslioii 
^ an object, we may find its longitude and 
and vice vered. This is a prohlm of 
physical astronmny — the following isitls plHpi 
In our last figure £ K PQ, the soM^SSmii of 
M 4 
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course 90 ® distant from V, the vernal equinox^ which 
is one of its poles — so that V R (the right ascension) 
being given^ and also V E, the arc £ R^ and its nftasure^ 
the epherical angle £ P R, or K P is Icnown. In 
the spherical triangle K P X, then, we l»ave given, 
let. The side P K, which, bedng the distance of the 
poles of the ecliptic and equinoctial, is equal to the 
obliquity of the ecliptic ; 2d, The side PX, the polar, 
diBtance, or the complement of the declination R X ; 
Ml# 8d, the included angle K P X ; and therefore, by 
^merical trigonometry, it is easy to find the other side 
K X, and the remaining angles. Now K X is the com- 
plement of the required latitude X T, and the angle 
P K X being known, and P K V being a right angle 
(because S V is 90°), the angle X K V becomes known. 
Now this is no other than the measure of the longitude 
V T of the object. The inverse problem is rq^olvcd 
by the same triangle, and by a process exactly similar. 

( 261 .) The same course of observations by which the 
path bf die sun among the fixed stars is traced, and the 
ecliptic marked out among them, determines, of course, 
the place of the equinox V upon the starry sphere, at 
that time — a point of great importance in practical 
astronomy, as it is the origin or zero point of right 
aecenalon. Now, when this process is repeated at eon- 
aidotaUy distant intervals of time, a very remarkable 
phenomenon is observed; viz. that the equinox doesno^ 
preserve a constant place among the stars, but diifts its 
position, travelling continually and regularly, although 
with extreme lowness, baokwatds, dong the ecliptic, in 
the y W from east to west, or the contrary to 

that In w]^ the sun appears to move in diat circle. 
^ the edli^tic and equinoctial are not eerjr much in. 
^ned, this motion of the equinox fVom east to west along 
the former,^' conspires (speaking generally) with the 
dianiai motion, and carries it, with refeiimce to that 
moinn 4 «oiitiihidly in advance upon the stars : hence it 
has aXyrired of the proeeaoUm of the eguinoxee, 

b^ute pm af* the equinox smODg die stars, at 
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. every subsequent moment^ preoedee (^ith reference to 
the ^umal motion) that which is held the moment be- 
fore. Ue amount of Uiis motion by which the equinox 
travels backward, or retrogrades (as it is called)^ on the 
ecliptic^ is 0° 0' 50'^* 10 per annumj an extremely mu 
nute quantity^ but which, by its contiimal accumulation 
from year to year, at last makes itself very palpable, 
and that in a way highly inconvenient to x>ractica] 
astronomers, by destroying, in the lapse of a moderate 
number of years, the arrangement of their catalogues '^ 
stars, and making it necessary to reconstruct theihi^ 
Since the formation of the earliest catalogue on record, 
the place of the equinox has retrograded already about 
30^. The period in which it performs a complete tour 
of the ecliptic, is 25,868 years. 

( 262 .) The immediate uranographical eflect of the 
precession of the equinoxes is to produce a uniform 
increae^o/ Imigitude in all the heavenly bodies, whether 
fixed or erratic. For the vernal equinox being the 
initial point of longitudes, as well as of right asoeimjion, 
a retreat of this point on the ecliptic tells upon the 
longitudes of all alike, whetlier at rest or in motion, and 
produces, so far as its amount extends, the appearance 
of a motion in longitude common to all, os ^ the whole 
heavens had a slow rotation round the poles of Aa 
ecliptic in the long period above mentioned, ciinilar io 
what they have in twenty .four hours round those of 
equinoctiid. ^ ' 

( 263 .) To form a just idea of this curious astronomical 
phenomenon, however, abandon, for a 

the oonsideratioa of the e^li^, as teD4iDg to produce 
confusion in our ideas ; Ibr this.,ireas4Q, thii||hr stable 
lity of die ecliptic itself among the atsn is^Spabeidy 
hinted, art 257*) only approumate, and that & conae.' 
quence its intersecdon with tKe equinoctial is ^bUe to a 
certain amount of change, arising from iU fluoluation,^ 
which mixes itself with what is due to the 
uranographical cause of die phenomeniii^^nii^ 
will brnme at once apparent, if, iiiileaflP^^i|g^ 
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the equinox^ we fix our attention on the pole of the equi. 
noctiid^ or the vanishing point of the earth’s axis. 

( 264 .) The place of this point among thestars is easily 
determined at any epoch, hy die most direct of all astro- 
nomical ohservations, — those with the mural circle. 
By this instrument we are enabled to ascertain at every 
moment the exact distance of the polar point from any 
three or more stars, and therefore to lay it down, by 
triangulating from these stars, with unerring precision, 
on a chart or globe, without the least reference to the 
position of die ecliptic, or to any other circle not natu- 
rally connected with it. Now, when this is done with 
proper diligence and exactness, it results that, although 
for short intervals of time, such as a few days, the 
place of the pole may be regarded as not sensibly vari- 
able, yet in reality it is in a state of constant, although 
extremely slow motion ; and, what is still more remark- 
able, this motion is not uniform, hut compounded of 
one principal, uniform, or nearly uniform, part, and other 
smaller and subordinate periodical fluctuations ; the 
former giving rise to the phenomena of precession ; the 
latter to another distinct phenomenon called nuiation. 
These two phenomena, it is true, belong, theoretically 
speaking, to one and the same general head, and are' 
intimately connected together, forming part of a great 
and complicated chain of consequences flowing from the 
earth's rotation on its axis ; hut it will be of advantage 
to present clearness to consider them separately. 

( 265 .) It is found, then, that in virtue of the uniform 
part of motion of the pole, it describes a circle in 
the heavens around the pole of the ecliptic as a centre, 
keeping oonstantly at the same distance of 23° 28^ from 
it, in a ^^ction from east to west, and with such a velo- 
city, that the annual angle described by it, in this its 
^imaginary orlut, is so that the whole circle 

would be described by it in the above-mentioned period 
of 25,868 years. It is easy to perceive how such a mo- 
tion of the pde win give rise to Ihe retrograde motion of 
the eqnlncKM ; for in the figmre,art 259., suppose llie 
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pole P in the progress of its motion in the small circle 
P O Z round K to come to O, then, as the situation of 
tlie equinoctial £ V Q is determined by that of the pole, 
this, it is evident, must cause a displacement of tlie 
equinoctial, ivliich will take a new situation, £ U Q, <)0^ 
distant in every part from the new position O of the pole. 
The point U, therefore, in which tlie displaced equi- 
noctial will intersect the ecliptic, i.e, the displaced 
equinox, will lie on tliat side of V, its original position, 
towards which the motion of the pole is directed, or to 
the westward. 

(266.) The precession of the equinoxes thus conceived, 
consists, then, in a real but very slow motion of the pole 
of the heavens among the stars, in a small circle round 
the pole of the ecliptic. Now this cannot happen with, 
out producing corresponding changes in the apparent 
diurnal motion of the sphere, and the asiicct which tlie 
heavens rount present at very remote periods of history. 
The pole is nothing more than the vanishing }K)int of 
the earth's axis. As this point, then, has such a motion 
as described, it necessarily follows that the earth's axis 
must have a conical motion, in virtue of which it points 
successively to every part of the small circle in question. 
We may form the best idea of such a motion by no- 
ticing a child's peg-top, when it spins not upright, or 
that amusing toy the te-to.tum, which, when delicately^ 
executed, and nicely balanced, becomes an elegant phi- 
losophical instrument, and exhibits, in the most beautiful 
manner, the whole phenomenon, in a way calculated to 
give at once a dear concepUon of it as a fact, and a con- 
siderable insight into its physical cause as a dynainical 
effect. The reader will take care not to confound the 
variation of the position of (he earths axis in opoce with 
a mere shifting of the imaginary line about whifih it re- 
volves, in its interior. The whole earth participates in 
the motion, and goes along with the axis as if it were 
really a bar of iron driven through it I't^at such is 
the esse is proved by the two great facts : 1st, that the 
latitudes of places on the earth, or .thdr%So^phical 
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situation with respect to the poles, have undergone no 
perceptible change from tlie earliest ages. Sdly, that 
the sea maintains its level, which could not he the case 
if the motion of the axis were not accompanied witli a 
motion of the whole mass of the earth. . 

(267*) The visible effect of precession on the aspect 
of the heavens consists in the apparent approach of 
some stars and constellations to the pole and recess of 
others. The bright star of the Lesser Bear, which we 
call the pole star, has not always been, nor will always 
continue to be, our cynosure : at the time of the con- 
struction of the earliest catalogues it w<is 12^ from the 
pole —it is DOW only 1 ^ 24^, and will approach yet 
nearer, to within half a degree, after which it will again 
recedcj and slowly give place to others, w'hich will suc- 
ceed it in its companionship to the pole. After a lapse 
of about IS, 000 years, tliy star a Lyrir, the hriglitest 
in the norOiem hemisphere, will occupy the remarkable 
situsdon of a pole star, approaching witliin about 5^ 
of the pole. 

(268.) The nutation of the earth's axis is a small and 
alow subordinate gyratory movement, by w'hich, if sub. 
sisting alone, the pole would describe among the stars, in 
A period of about nineteen years, a minute ellipsis, having 
its bnger axis equal to and its shorter to ; 

the longer being directed towards the pole of the ecliptic, 
and the shorter, of course, at right angles to it* The 
conaequence of this real motion of the pole is an up- 
parent approach and recess of all the stars in the hea- 
vens to pole in the same period. Since, also, the 
place of the equinox on the ^ipde is determined by 
die place of the pole in the heavens, the same cause 
will give rise to a small alternate advance and recess of 
the equifiocdal points, by which, in the same period, both 
the longitidea and the right aacensionB of the stars will 
be also alternately incres^ and duninished. 

(2690 these motions, however, although here 
oonaider^ separately, subsist jointly ; and since, while 
in rirtuc of the nutadon, the pole is describing its litde 
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ellipse of in diameter, it is eanied by the greater 
and regularly progressive motion of precession over so 
much of its circle round the pole vt' ike ecliptic as cor* 
responds to nineteen year^ — that is to say, over an an. 
gle of nineteen times 50^^* 1 round the centre (which, in 
a small circle of 23° 28^ in diameter, corresponds to 
()' 20'^ as seen from the centre of the sphere) : the 
path 'which it will pursue in virtue of the two motions, 
subsisting jointly, will be neither an ellipse nor an ex- 
act circle, hut a gently undulated ring like that in the 
figure (where, however, tlie undulations are much ex. 
aggerated). (See Jiff, to art. 272.) 

( 270 .) These movements of precession and nutation 
ire common to all the celestial bodies both fixed and 
erratic ; and this circumstance makes it impossible to at* 
tribute them to any other cause than a real motion of 
the earth’s axis, such as we have described. Bid they , 
only affect the stars, they might, with equal plausibility, 
bo urged to arise from a real rotation of the starry hea- 
vens, as a solid shell round an axis passing through 
the poles of the ecliptic in 25,868 years, and a real 
elliptic gyration of that axis in nineteen years: but 
since they also affect the sun, moon, and planets, 
which, ha%ing motions indeiiendent of the general 
body of the stars, cannot witliout extravagance be sup. 
posed attaehud to the celestial concave*, this idea fails , 
to the ground ; and there only remains, then, a real 
motion in the earth by which they can be accounted 
for. It will be shown in a subsequent chapter that 
they are necessary consequences of the rotation of the 
earth, combined with its elliptical figure, and the nn- 
equal attraction of the sun and moon on ite polar and 
equatorial regions. 

(271.) Uranographically considered, as affecting the 
apparent places of the stars, they are of the utmost 


* Tbn arsumvot. ccacot at It is, aoQUim additional and daciiive Ibroa 
from ttie tav> oC nutation, which Is dependant on the position. Her the thne, 
ijf Ihe hmtir bit. If we attribute itto a real motion of tbe odatlial mbere, 
wemntttber maintain that sphere tobekeptina oonMaOlltatr^ Owmoe 
by the motion of the moon f 
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importance in practical astronomy. Mrlien we speak of 
the right ascension and declination of a celestial object, 
it becomes necessary to state what epoch we intend, and 
whether we mean the meariright ascension — cleared, that 
is, of the periodical fluctuation in its amount, which 
arises from nutation, or the apparent right ascension, 
which, being reckoned from the actual place of the 
▼ernal equinox, is affected by tlie periodical advance 
and recess of the equinoctial )K)iiit thence produced — 
and so of the other elements. It is the practice of 
astronomers to reduce, as it is termeil, all their observ- 
ations, both of right ascension and declination, to some 
common and convenient epoch — such as the l)eginning 
of the year for temporary purposes, or of the decade, 
or the century for more permanent uses, by subtracting 
from them die whole effect of precession in the interval ; 
and, moreover, to divest them of the influence of nu- 
tation by investigating and subducting tb*d amount of 
change, lioth in right ascension and declination, due to 
the displacement of the pole from the centre to the 
circumference of the little ellipse above mentioned. 
This last process is technically termed correcting or 
equating the observation for nutation ; by which latter 
word is always understood, in astronomy, the getting 
rid of a periodical cause of fluctuation, and presenting a 
result, not as it was observed, but as it would have 
been observed, bad that cause of fluctuation had no ex- 
istence. 

(272.) For these purposes, in the present case, very 
convenient formuls have been derived, and tables 
constructed. They are, however, of too technical 
A character for tliis work; we shall, however, point 
out the' manner in which the investigation is con- 
ducted. It has been shown in art 260 . by what means the 
fight asoi^nsion and declination of an object are de^ 
rived from its longitude and latitude. Referring to the 
figure of Uiat article, and supposing the triangle 
K P X ortbographically projected on the plane of the 
ecliptic ks in the annexed figure : in the triangle K P 
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P is the obliquity of the ecliptic, K X the coJati^ 
tude (or complement of latitude), and the angle P K X 
the co4ong%tude of the object X. These are the data 
of our question, of which the first is constant, and 
the two latter are varied by the effect of precession 
and nutation ; and their variations (considering the 
minuteness of the latter effect generally, and the small 
number of years in comparison of tlie whole period 
of 25,868, for which we ever require to estimate 
the effect of the former,) are of that order whicli may 
be regarded as infiuitesimal in geometry, and treated aa 
such without fear of error. The whole question, then, 
is reduced to this : — In a spherical triangle K P X, in 
which one side K X is constant, and an angle K, and 



adjacent side K P vary by given infinitesimal changes 
of the position of P : required the changes thence arising 
in the other side P X, and the angle K P X ? his is a 
very simple and easy problem of spherical ^metry, 
and being resolved, it gives at once the reductHns we ails 
seeking ; for P X being the polar distance of the ol^ect, 
and the angle K P X its right ascension pirn 90^, their 
variations ore the very quuitities we seek. It only re* 
mains, then, to express in proper form the amoifbt of the 
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precesuon and nutation in longitude and latitude, when 
their amount in right ascension and declination will im- 
mediately be obtained. 

The precession in latitude is zero^ since the 
' latitudes of objects are not changed by it : that in lon- 
gitude is a quantity proportional to the time at the rate 
of 50"‘l0 per annum. With regard to the nutation in 
longitude and latitude, these are no other than the ab- 
scissa and ordinate of the little ellipse in which the 
ptde moves. The law of its motion, however, therein, 
cannot be understood till die reader has been made ac- 
quainted with the principal features of the moon’s mo- 
tion on which it depends. Sec (’hap. XI. 

( 274 .) Another consequence of what has been shown 
respecting precession and nutation is, that sidereal time, 
as astronomers use it, i. e. as reckoned from the transit 
of the equinoctial point, is, not a mean or uniformly 
flowing quantity, being ahected by nutltion ; and, 
moreover, that so reckoned, even when cleared of the 
periodical fluctuation of nutation, it does not strictly 
^Gorres])ond to the earth’s diurnal rotation. As the sun 
Closes one <lay in the year on the stars, by its direct mo- 
tion in longitude ; so the equinox gains one day in 
25^868 years on them by its retrogradation. We ought, 
tho^ore, as carefully to distinguish between mean and 
apparent sidereal as between mean and apparent solar 
time. 

{S 75 .} Neither precession nor nutation change the 
apparent places of celestial objects inter se. We see 
themy so far as these cau.se8 go« as they are, though 
from a station more or less unstable, as wc see distant 
land objects correctly formed, though appearing to rise 
and faUsivhen viewed from die heaving deck of a ship 
in the act of pitching and rolling. But there is an 
opdcal cadse, independent of refraction or of perspectlVig, 
which displaces them me among the oHier, and t^ses 
us to view .die heavens under an aspect alwayf^'Hl a 
(tertain slight extent false ; and whose influence rnuat be 
cstimateu and allowed for before we can obtain apfieliie 



IV. , ABBRJIATION Off UOBT. -177 

Ubowledge 6 t die place of any ol^t. This cause, is 
what is called the aberration of light ; a aingulajr and 
surprising eCbot arising from this, that we occupy a 
station not at rest but in rapid motion ; and that.,'^ 
apparent dimtions of the rays of light are not the same 
to a spectator in motion as to one at rest As the esti- 
mation of its effbet belongs to uranography, we must 
explain it here^ though, in so doing, we must antici- 
pate some of the results to be detailed in subsequent 
chapters. ^ 

(276.) Suppose a shower of rain to fall pierpendicu. 
larly in a dead calm ; a person exposed to the shower, 
who should stand quite still and upright, would receive 
the drops on his hat, which would thus shelter him, but 
if he ran forward in any direction they would strike him 
in the face. The effect would be the same as if he re- 
mained still, and a wind should arise of the same velo- 
city, anti ditft them against him. Suppose a ball let 
fall fhim a point A above a horizontal line £ F, and 
that at B were placed to receive it the open mouth of 



an inclined hoUow tube F Q ; if the tube irm hdd 
inuBoviiS^ the ball would strike on ita lower aflk, but if 
the taba > wwe carried ft^ard in the diieetiflin B F, 
properly a4|usted at every^imtaDt to 
"I9be b^, while pruerving iU inelinatioH to tfie 
^ that when the ball in its natural Beaeent 
2? 
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resched C, the tube should have been carried into the 
position li Sj it is evident that the ball would^ through, 
out its whole descent, be found in tlie axis of the tube ; 
and a spectator, referring to the tube the motion of the 
mh and carried along with the former, unconscious of 
its motion, would fancy that the ball had been moving 
in tlic inclined direction RS of the tube’s axis. 

(-77.) Our eyes and telescopes are such tubes. In 
whatever inanner wo consider light, whether as an ad- 
vancing wave in a motionless ether, or a sliower of 
atoms trallfersiiig space, if in the interval between the 
rays traversing the object glass of the one or the cornea 
of the other (at vhivh nument they a(*quire that con- 
vergence which directs them to a certain i)oint in fij:ed 
space), the cross wires of the one or the retina of the 
other be clipped aside, the point of convergence (which 
remains unchanged) will no longer correspond to the 
intersection of the ivires or the central 'j)oini of our 
visual area. The object then will appear displaced ; and 
the amount of this displacement is aberration. 

(5278.) The earth is moving through space with a ve- 
locity of alxmt miles per second, in an elliptic path 
round the sun, and is therefore changing the direction 
of its motion at every instant. Light travels with 
a V(?locity of 1()2,()00 miles |)er second, which, although 
^ much greater than that of the earth, is yet not inji~ 
niteip 90 . Time is occupied byit in traversingany space, 
and in that time the earth describes a space which is to 
the former as 1 9 to 1 92,000, or as the tangent of 20"'*5 
to radius. Suppose now A P S to represent a ray of light 
from a star at A, and let the tube P Q be that of a 
telescope so inclined forward that the focus farmed by 
its object glass shall be received upon its cross wire, 
it is evident from what has been said, tliat tlic inclin- 
ation of*‘the tube must be such as to make P S ; B Q ; : 
i^elocity of light: velocity of the earth, : : tan. 1 ; 

and, therefore, the ang^ S P Q, or P S R, by winch 
tile axis of the telescopy must deviate from the true 
idirecthni of the %tar, mu^ be 
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^ (2790 ^ similar reasoning will hold good when the 
direction of the earth s motion is not perpendicular to 
tlie visual ray. If S B be 
the true direction of the 
visual ray, and A C the po^^ 
tion in which the telescope 
requires to be held in the 
apparent direction, we must 
still have the proportion 
BC : BA velocity of 



light : velocity of the earth : : rad. : sine of ^'’5 (for in 
such small angles it matters not whether we use the sines 
or tangents). But we have, also, by trigonometry, B C : 
BA;: sine of B A C : sine of A C H or C B D, which 
last is the apparent displacement caused hy ablation. 
I'hus it appears that the sine of the al>erration, or (since 
the angle is extremely small) the aberration itself, is 
proporfionaA to the sine of the angle made hy the earth’s 
motion in space with the visual ray, and is therefore a 
maxinjuni when the line of sight is perpendicular to 
the direction of the earth s motion. 

(280.) The uranographical effect of aberration, then, is 
to distort the aspect of the heavens, causing all the 
stars to crowd as it were directly towards that point in 
the heavens which is the vanishing point of all lines 
parallel to that in which the eardi is for the mome:n|l|^ • 
moving. As the earth moves round the sun in the 
plane of the ecliptic, this point must lie in that plane, 
90 ® in advance of the earth's longitude, or 90 ® behind 
the sun’s, and shifts of course continually, describing 
the circumference of the ecliptic in a year. It is easy 
to demonstrate that the effect on each particular star 
will be to make it apparently describe a small ellipse 
hi the heavens, having for its centre the pointtn which 
tile star would be seen if the earth were at rSSL 
: (38|.) Aberration then affects the apparent rig^t as* 

declinations of all the stars, And that hy 
4htintitaAi easily calculable. ^The formulae most conve- 
nientfoir that purpose, andi^ch, syAtematicall} embra* 

K 2 
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cing at the same time the corrections for precession aiuf 
nutation, enable the observer, with the utmost readiness. 


to disencumber his observations of right ascension and 
declination of their influence, have been constructed by 
Frof. Bessel, and tabulated in the appendix to the first 
volume of the Transactions of the Astronomical Society, 
where they will be found accompanied with an exten- 
sive catalogue of the places, for 1 830, of the principal 
fixed stars, one of the most useful and best arranged 
works of the kind which has ever appeared. 

(282.) When the body from which the visual ray 
emanates is, itself, in motion, the best way of con- 
ceiving the effect of aberration (independently of theo- 
retical views respecting the nature of light) * is as fol- 
lows. The ray by vrliich we see any object is not that 
which it emits at the moment we look at it, but that 
which it did emit some time before, vis, the time oc- 
cupied by light in traversing the interval winch se- 
parates it from us. The aberration of such a body 
then arising from the earth's velocity must be applied 
as a correction^ not to the line joining the earth's place 
at tlie moment of observation with that occupied by 
the body at the same ftwmmtt but at that antecedent 
instant when tlie ray quitted it. Hence it is easy to 
derive the rule given by astronomical writers for the 
case of a moving object. From the known laws of its 
fnothn and the eartWs, calculate its apparent or relativte 


angular motion in the time taken by liyht to traverse its 
distance from the earth. This is its aberration, and its 
effect is to displace it in a direction contrary to its 
apparent relative motion among the stars. 

We shall conclude this chapter with a few urano. 


• The Heulii of the undubitorr and corpuKular tbeoriei of li^ht, in 
tkw matter of abemtion are, in the main, the ume. We lair la Mr 
There Is, hovenrer, a mtnuWdiflhrence even of numerical reHilts. In the 
undulatory doetrine, the nroiMigation of light takes place with equal velo- 
tritf In all directions whettier the liiminarjr be at rest or in motion. In the 
oorpuscular, with an excess of velocUy In the direction of the metioa mm' 
that in the coi^uary enuel to twleam eelocity of the body's motiea. In 
the eaMa,tfacn,ora body mowing HKeqiial velocity dtfecOy to and dinetfy 
ikon the earth, the abcCTxtionswiMfttog cR^^mtulaten.hutdiahieiit 
iM the corpuscular hyi^heiU. TW Blmo^dlflktence whUh can niim 
SramthlscMiw faovrerfMqi oaaaot amount to above ita thuMidthc of 

tMCOWL 
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ipltical problems of frequent practical occurreDce> 
which may be resolved by the rules of spherical tri- 
gonometry. 

(283.) Of tile following five quantities, given any 
three, to find one or both the others. 

1st, The latitude of the place; 2d, the declination of 
an object ; 3d, its hour angle east or west from the 
meridian ; 4th, its altitude ; .0th, its azimuth. 

In the figure of art. t}4. P is the pole, Z the zenith, 
and S tlie star ; and the five quantities above mentioned, 
or their complements, constitute the sides and angles of 
the spherical triangle P Z S ; P Z being the co.latitude, 
PS the co.declination or polar distance; SPZ the 
hour angle ; ‘P#4hc co.altitude or zenith distance ; and . ' 
PZS the azimuth. By the solution of this spherical 
triangle, then, all problems involving the relations be- 
tween these quantities may be resolved. 

(284).) for example, suppose the time of rising or 
sotting of the sun or of a star were required, having 
given its right ascension and polar distance. The star 
rises when apparently on the horizon, or reaUy about 
below it (owing to refraction), so that, at the mo- 
ment of its apparent rising, its zenith distance is 
90^ 34^ = ZS. Its polar distance PS being also 
given, and the co-latitude Z P of the place, we have 
given the three sides of the triangle* to find the hbtfr 
angle Z P S, which, being known, is to he added fa or 
subtracted from the stars right ascension, lo give the 
sidereal time of setting or rising, which, if please, 
may be converted into solar time by the proper rules 
and tables. 

(285.) As another example of the same tiiangjle, we 
may propose to find the local sidereal time,«aDd the 
latitude of the place of observation, by obaen^g equal * 
altiitades of the same star east and west of thwmeridiaD, 
and noting the interval of the ohsenrationa in sidereal 

^The hour angles correng^ng to equal altitudes of 
% fixed ftap being equal. Ip hour angle eaat»or west 
V 3 
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will be measured by half the observed interval of tbi: 
observations. In our triangle^ then, we have given tb^ 
hour angle Z F S, the polar distance P S of the star^ 
and Z S, its co-altitude at the moment of observation. 
Hence we may iind P Z, the co-latitude of the place. 
Moreover, the hour angle of the star being known, and 
also its right ascension, the point of tlie equinoctial is 
known, which is on tlie meridian at the moment of ob- 
servation ; and, therefore, the local sidereal time at that 
moment. This is a very useful observation for de. 
tennining the latitude, and time at an unknown station. 

( 286 .) It is often of use to know the situation of the 
ecliptic in the visible heavens at any instant; that is to 
say, die points where it cuts the liorizon, and the altitude 
of its highest point, or, as it is sometimes called, the 
nonagesimal point of the ecliptic, as well as the longitude 
of this point on the ecliptic itself from the equinox. 
These, and all questions referable to the same data and 
quissita, are resolved by the spherical triangle Z P £, 
formed by tlic zcnitli Z (considered as the pole of the 
horizon), the pole of the equinoctial P, and the pole of 
the ecliptic £. The sidereal time being given, and also 


y. 



the right ftsceusion of the pole of the ecliptic (which is 
dways the same, viz. 18*^0® 0*), the boor atigle Z PE 
of that^int is known. 1%eD^ in this triangle we haro 
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nyen 1* Z, the co-latitude ; F £, the i^ular distance of 
’ ; of the ecliptic, 28', and the angle Z F K ;• 
from which we may find, Ist, the side ZE, which is 
easily seen to be equal to die altitude of the noiiageaunal 
point sought ; and, 2dly, the angle F Z E, whicli is the 
azimuth of the jiolc of the ecliptic, and which, tlicrcforc, 
being added to and subtracted from <)()^, gives the 
azimuths of the eastern and w'estern intersections of the 
ecliptic with the horizon. Lastly, the longitude of the 
nonagesirnal point may lie had, by calculating in the 
same triangle the angle FEZ, which is its complement. 

(287.) The an^le of aitaation of a star is die angle in- 
cluded at the star between circles of latitude and of 
declination passing dirough it. To determine it in any 
proposed ease, we must resolve the triangle F S E, in 
which are given PS, FE, and the angle SFE, which 
is the difference between the star's right ascenaion and 
1 8 hotirs ;• from which it is easy to find die angle F 25 E 
required. This angle is of use in many enquiries in 
physical astronomy. It is called in most books on 
astronomy the angle of ftosUion ; but the latter ex. 
pression has liccomc odierwise, and more conveniently, 
appropriated, 

(288.) From these instances, the manner of treating 
such questions in uranography as depend on spherical 
trigonometry will be evident, and will, for the most 
part, oifer Uttlc difficulty, if the student will bear in 
mind, as a practical maxim, rather to consider th^ poles 
qf the great circles which his question refers to, than the 
circles themselves. 
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CHAP. V. 

OF THE sun’s BTOTION. 

jli.'nAMKt MOTION or THK SUN NOT U KlFORSf . — ITS APPAAENT 

AUMETER also variable. VARIATION OF ITS DISTANCE 

CONCLUDED. —> ITS APPARENT ORBIT AN ELLIPSE ABOUT THE 
FOCUS. LAW OP THE ANGULAR VELOCITY. — EQUABLE DE- 
SCRIPTION OF AREAS. PARALLAX OF THE SUN. •— ITS 

DISTANCE AND MAGNITUDE. — COPERNICAN EXPLANATION 

or THE sun's APPARENT MOTION. PARALLELISM OP THE 

earth's axis. — THE SEASONS. HEAT RECEIVED FROM 
TUR SUN IN DIFFERENT FARTS OF THE ORBIT. 

(289«) In the foregoing chapters, it has been shown 
^at the apparent path of the sun is a great circle of 
the sphere, which it performs in a period of one 
sidereal year. From tliis it follows, that the lino joining 
the earth and aun lies constantly tit one plane!' and that, 
therefore, whatever be the real motion from which this 
apparent motion arises, it must be confined to one 
plane, which is called the plane of the ecliptic, 

( 290 .) We have already seen (art. 1 1 8.) that the sun's 
motion in right ascension among the stars is not aniform. 
This is partly accounted for by the obliquity of the 
ecliptic, in consequence of which equal variations in 
longitude do not correspond to equal changes of right 
ascension. But if we observe the place of the sun 
daily throughout the year, by the transit and circle, 
and from these cali^te the longitude for each day, it 
will still be found that, even in its own proper path, its 
apparent angular motion is far from uniform. The 
change of longitude in twenty-four mean solar hours 
averages 0® 59^8'''*385 but about the Slat of De- 
cember it 'amounts to 1® V 9"'9i about die 1st 
of July is oiily 0° 5T 11"’5. Such are the extreme 
limit6j and such the mean value of the sun's apparent 
angular velocity in its annual orbit. 

( 291 *) This variation of its angular velocity is acoom« 
panied with a corresponding change of its distance from 
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The change of distance is recognized by a variation 
observed to take place in its apparent diameter, when mea. 
Bured at different seasons of the year, with an instrument 
adapted for that purpose, ealled the Iieliometer *, or, by 
calculating from tiie time which its disk takes to traverse 
the meridian in ^ the transit instrument. The greatest 
apparent diameter corresponds to the 81st of De- 
cember, or to the greatest angular velocity, and measures 
32' 35" *6; the least is 3V 31" ‘0, and corresponds to 
tl)c Ist of July ; at which epochs, as we have seen, the 
angular motion is also at its extreme limit either way. 
Now, as we cannot suppose the *sun to alter its real 
size periodically, the observed change of its apparent 
size* can only arise from an actual change of distance. 
And the sines or tangents of such small arcs being pro- 
portional to the arcs themselves, its distances from us, 
at the above-named epoch, must be in the inverse pro. 
portion bf the apparent diameters. 1 1 appears, therefore, 
that the greatest, the mean, and the least distances of 
the sun from us are in the respective proportions of the 
numbers 1*01679, 1*00000, and 0*98321; and that its 
apparent angular velocity diminishes as the distance in. 
creases, and mce versd, 

(292*) It follows from this, that the real orbit of the 
nun, as referred to the earth supposed at rest, is not a , 
etrde with the earth in the centre. The situation of 
the earth witliin it is eccentric, the eccentricity amount- 



ing to 001679 of the mean distance, which may be 
regarded as our unit of measure in this emjtury. But 
b^des this, the form of the orbit is not circu]|u*, but 
• the fun, uii to 
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elliptic. I f froni any point O, taken to represent tlu 
earthy we ilraw a line, O A, in some fixed direction^ 
from which we then set oft* a scries of angles, A O B, 
A O G, cS:c. ef|uiil to the observed longitudes of the 
sun throughout the year, and in these rt?sj)ective direc- 
tions measure off from O the distances G A, O B, O C, 
See. representing the distances dc<luced from the ob- 
served diameter, and then connect all the extremities 
A, B, (\ \^c. of these lines by a continuous curve, it is 
evident this will be a correct representation of the relative 
orhit of the sun about the earth. Now, when this is done, 
a deviation from the circular figure in the resulting 
curve becomes apparent ; it is found to be evidently 
longer than it is broad — that is to say, elliptic, and the 
point O to occupy not the centre, but one of the foci of the 
ellipse. Tlie graphical process here described is suffi. 
cient to point out the general figure of the curve in 
question ; but for the purposes of exact verificution, it 
is necessary to recur to the properties of the ellipse^ 
and to express the distance of any one of its points in 
terms of the angular situation of that point with respect 
to the longer axis, or diameter of the ellipse. Tliis^ 
however, is readily done; and wdicn numerically cal- 
culated, on the supposition of the excentricity being 
such as above stated, a perfect coincidence is found to 
subsist between the distances thus computed, and those 
derived from the measurement of the apparent diameter* 
( 293 .) The mean distance of the earth and sun being 
taken for unity, the extremes are l*01(i79 and 0*98^21. 
But if we compare, in like manner, the mean or average 
angular velocity wiUi the extremes, greatest and least, 
we shall find mese to be in the proportions of 1 ‘03886^ 
1*00000, and 0*96614. The variation of the suns 
angular velocitg, then, is mii& greater in proportion thlh 
that of its distance fully twice as great ; and ii[ we 
examine its numerical expressions at diffetenf perkidB, 
comparing wthem with the mean value, and also with the 
corresponding distances, it will be found, that, by whsU 
• Conk Seettooitbr the Pcv. H. P. Hamiltim. 



ever fraction of its mean value the distance exceeds the 
inean> tlie an^lar velocity will fall short of itft mean 
Of average quantity by very nearly twice as great a 
fraction of the latter^ and vice verted* Hence we are 
led to conclude that the angular veloHty is in the in- 
verse proportion, not of the distance simply, but of its 
square; so that, to compare the daily motion in longitude 
of the sun, at one point, A, of its path, with that at li, 
we must state the proportion thus : — 

O B : O A - : : daily motion at A ; daily motion 
at B. And this is found to be exactly verified in every 
part of the orbit. 

(294.) Hence we deduce another remarkable conclu- 
sion — viz. that if the sun be supposed really to move 
around the circumference of tliis ellipse, its actual speed 
cannot be uniform, but must be greatest at its least dis- 
tance, and less at its greatest. For, were it uniform, 
the apjflirenS atigular velocity would be, of course, in- 
versely proportional to the distance; simply because 
the same linear eban^ of place, being produced in the 
same time at different distances from the eye, must, by 
the laws of perspective, correspond to apparent angular 
displacements inversely as those distances. Since, then, 
observation inrlicates a more rapid law of variation in 
the angular velocities, it is evident that mere change of 
tlistance, unaccompanied with a cliange of actual speed, 
is insufficient to account for it ; and that tlie increased 
proximity of the sun to the earth must he accompanied 
with an actual increase of its real velocity of motion 
along its path. 

(295.) This elliptic form of the sun's path, the excen. 
trie position of the earth within it, anti the unequal 
speed with which it is actually traversed by^the sun 
itself, all tend to render thi calculation of its kmgitujkt 
from thqory (f. e, from a knowledge of the pluses and 
nature of its motion) difficult; and indeed impossible, so 
loiig as the law of its actual velocity continug^ unknown. 
This law, however, is not imme^ately apparent It 
does not come forward, as it were, and pielenhitself at 
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once, like the elliptic form of die orbit^ by a direct coni^ 
pariaon of angles ^Mid distances, but requires an attentive 
consideration of the whole series of observations regis- 
tered during an entire period. It was not, therefore, 
without much painful and laborious calculation, that it 
was discovered by Kepler (who was also the first to 
ascertain the elliptic form of the orbit), and announced 
in the following terms : — Let a line be always supposed 
tq connect the sun, supposed in motion, with the earth, 
supposed at rest; then, as the sun moves along its 
ellipse, this line (which is called in astronomy the 
radium vector) will describe or sweep over that portion 
of tlie whole area or surface of the ellipse which is 
included lietwecn its consecutive positions: and the 
motion of the sun will be such that equal areas are thus 
swept over by the revolving radius vector in equal times, 
in whatever part of the circumference of the ellipse the 
sun be moving. ' 

(29^.) F^rhr this It necessarily follows, that in unequal 
times, ihe areas described must be proportional to die 
tiroes. Thus, in the figure of aru the time in 
which the sun moves from A to B, is the time in which 
it moves from C to D, as the area of thb elliptic sector 
A O B is to the Area of the sector ]> O C. 

(297*) The circumstances of die sun's apparent annual 
motion may, therefore, be summed up as follows : — It 
is performed in an orbit lying in one plane passing 
through the earth's centre, called the plane of the edip. 
tic, and whose projection on the heavens is the great 
circle so called. In this plane, however, the actual 
path is not circular, but elliptical ; having the earth, nCt 
in its centre, but in one focus. The excentricity of this 
ellipse if 0 * 0 l 679 > tn pvts of a unit equal to the meofs 
distance^oi half the longer diameter of the ellipse; and the 
motion of the sun in its circumference is sO regulated, 
that equal areas of the ellipse are passed ofer by the 
radius vector in equal times. 

(298*) What we have here stated supposes no know- 
ledge of thP^ns actual distance from the earth, nor. 
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^nsequently, of the actual dimension# of its orbit^ nor 
of the body of the sun itselfl To O 0 |Be to any conclu. 
sions on these points^ we must first .Consider by what 
means we can arrive at any knowledge of the distance 
of an ohicct to which we have no access. Now, it is 
obvious, that its parallax alone can afford us any inform- 
ation on this subject. Parallax may be generally definei’ 
to be the cliange of apparent situation of an object aris- 
ing from a change of real situation of the observer. 
Suppose^ tben^ PA B Q to represent the earth, C its 



centre, and S the sun, and A, B two iltiialfonB df a 
spectator, or, which comes to the same thing;, the sta. 
tions of two spectators, both observing the sun S at the 
same instant. The spectator A will see it in, the direc. 
tion A 8 0, and^ll refer it to a point o in the infinitely 
distant sphere of the fixed stars, while the spectator B 
will see it in the direction B 8 b, and refer it to 6 . The 
angle included between these directions, or the measure 
of the celestial arc a b, by which it is dUtplaced, is equal 
to the angle A S B; and if diis angle be known, and the 
local situations of A and B, with part of the earth's, 
surface A B included between them, it is evident that 
the distance C S may be calculated. 

(299.) Parallax, however, in the astronomical accept, 
ation of the word, has a more technical meaniim. It is 
restricted to dte difference of apparent positionf of any 
celestial c^fbet when viewed from a station off the 
/ace of ‘vdse earth, and from its centre. The centre of 
the earth is the general station to which all aatronomical 
observations are referred: but, as «e obsefl^ from the 
•uiface, a reduction to the centre is neecUm Ind the 
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amount of this reduction is called parallax. Thus, thv 
sun beinf; seen from the eartl^'s centre, in the direction 
C and from A on the surface in the direction A 
the angle A S C, included between these two directions^ 
is the parallax at A, and similarly B S C is tliat at B. 

Parallax, in this sense, may be distinguished by the 
epithet dinrmU^ or gcarnUriCy to discriminate it from 
the anuualy or hvlhccntrk ; of which more hereafter. 

(300.) The reduction for parallax, then, in any pro- 
posed case, is obtained from the consideration of the 
triangle ACS, formed by ^e spectator, the centre of the 
earth, and the object observed ; and since tlie side C A 
prolonged passes through tlie observer's zenith, it is 
jcvident that the (ffect of parnlla.r, in this its technical 
acceptation, is always to depress tha object observed in a 
rertieal cirele. To estimate the amount of tliis depres- 
sion, we have, by plane trigonometry, 

CSrCA :: sineof CAS = sine of ZAS: vine tfASC. 

(30 ] .) The parallax, then, for objects equidistant from 
the earth, is proportional to the sines of their zenith dis. 
tences. It is, therefore, at its maximum when the body 
4>bserved is in the horizon. In this situation it is called 
the horizontal parallax ; and when this is known, since 
smdl arcs are proportional to their sines, the parallax at 
any given altitude is easily had by the following rule:— 

Parallax = (horizontal parallax) x sine of zenith 
distance. 

The horizontal parallax is given by this proportion : — 

Distance of object ; earth’s radius ; : rad. : sine of 
horizontal parallax. 

It is, therefore, known, when the proportion of the 
object’s distance to the radius of the earth is known ; 
and viot oeraa— if by any method of observation we can 
come ak a knowledge of the horizontal parallax of an 
object, it&' distance, expressed in units equal to the earth's 
radius, becomes known. 

(3CH2.) To apply this general reasoning to the case of 
the sun. Suppose two observers — one in the northern, 
the othbr southern hemisphere at stations pn the 
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me meridian, to observe on the same day the meridian 
altitudes of the sun’s centre. Having? thence derived 
the apparent zenith distances, and cleared Uicin of the 
effects of refractioii, if the distance of the sun were equal 
to that of the fixed stars, the sum of the zenith distances 
thus found would *be precisely equal to the sum of the 
latitudes north and south of the ]>laccs of observation. 
For the sum in question would then be equal to the 
anp;le ZCX, which is the meridional distance of the 
stations across the equator. But the effect of parallax 
being in lK>th cases to incr^se the apparent zenith dis- 
tances, their observed sum will he greater than the sum 
of the latitudA, by the whole amount of the two paral- 
laxes, or by the angle A S B. This angle, then, is 
obtained by subducting the sum of the latitudes from 
that of the zenith distances ; and this once determined, 
the horizontal parallax is easily found, by dividing the 
angle to determined by the sum of the sines of the two 
latitudes. 

(303.) If the two stations be not exactly on the same 
meridian (a condition very difficult to fulfil), the same 
process will apply, if we lake care to allow for the change 
of the sun 8 actual zenith distance in the interval of 
time elapsing between its arrival on the meridians of the 
stations. This change is readily ascertained, either from 
tables of the sun's motion, grounded on the experience 
of a long course of observations, or by actual observation 
of its meridional altitude on several days before and 
after that on which the obsen^ations for parallax are 
taken. Of course, the nearer the stations are to each 
other in longitude, the less is this interval of time ; 
and, consequently, the smaller the amount of tliis cor. 
•rection; and, therefore, the less injurious to th^ accuracy 
of the final result U any uncertainty in the da(By change 
of zenith distance which may arise from imperfection 
in the solar tables, or in the observations made to deter- 
mine it. 

(304.) The horizontal parallax of ihff sun has been 
concluded from observations of the nable Ibove de- 
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scribed^ performed in stations the most remote from c^i 
other in latitude^ at which observatories have been in- 
stituted. It has also been deduced from other motlmds 
of a more refined nature, and susceptible of much 
greater exactness, to be hereafter described. Its amount 
so obtained, is about Minute as this quantity is, 

there can be no doubt that it is a tolerably correct ap- 
proximation to the truth; and in conformity with it, 
we must admit the sun to be situated at a mean distance 
from us, of no less than 23,f)84 times the length of the 
earth’s radius, or about ()5,(H)0,000 miles. 

(.805.) That at so vast a ilistance the sun should ap- 
pear to us of tlie size it does, and should so powerfully 
induence our condition by its heat and light, requires us 
to form a very grand conception of its actual magnitude, 
and of the scale on which those important processes are 
carried on within it, by which it is enabled to keep up 
its liberal and unceasing supply of these eWinents. As 
to its actual magnitude we can be at no loss, knowing 
its distance, and the angles under which its diameter 
appears to us. An object, placed at the distance of 
95,000,000 miles, and subtending an angle of. 32^ 3'^, 
must have a real diameter of 882,000 miles, 8uch, 
then, is the diameter of this stupendous If we 

compare it with what we have already the 

dimensions of our own, we shall find lii%^myiilliear 
magnitude it exceeds the earth in the proportion 1 
to 1, and in bulk in that of 1,884,472 to 1. 

(806.) It is hardly possible to avoid associatiiig our 
conception of an object of definite 
of such enormous dimensions, with soirie (isiMM 
attribute of massiveness and material solidity. That the 
sun is nqt a mere phantom, but a body having its own 
peculiar tfiructure and economy, our telescopes distinctly 
inform uba They show us dark spots on its surface^ 
which Blowh|^chwge their places and forms, and by 
attending %|p|gac situation, at diflbr^t times, astrono- 
mers have wpftldDed that the sun revtdves about an 
axis indfoed at a coni|iit angle of 82° 44^ to the plane 
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of die ecliptic, performinp: one rotation in a |>cnod of 
25 days and in the same direction with the diurnal ro. 
tation of the earth, u e. from west to cast. Here, then, 
we have an analop:y with our own globe; the dower and 
more majestic movement only corresponding with the 
greater dimensions of the machinery, and impressing us 
with tlic prevalence of similar mechanical laws, and of, 
at least, such a community of nature as the exiatence 
of inertia and obedience to force may argue. Now, 
in the exact ]»roportion in which we invest our idea of 
this ininiense hulk with the attribute of inertia, or 
weight, it liccomes difficult to conceive its circulation 
round so coinjiarativcly small a body as the earth, with* 
out, on the one hand, dragging it along, auti displacing 
it, if bound to it by some invisible tic ; or, on the 
other hand, if not so held to it, pursuing its course 
alone ig space, and leaving the earth liehind. If we 
tie two stones together by a string, and fling them aloft, 
we see them circulate aliout a point between them, which 
is their common centre of gravity; but if one of them 
lie greatly more ponderous than the other, this common 
centre will be proportionally nearer to that one, and 
even |ts surface, so that tlie smaller one will 

circu]Ak»i|H|k about the larger, which will be com«« 
ilisturbcd from its place. 

' Whether the cartli move round the sun, the 
sun round the earth, or both round tlieir common centre 
of gravity, will make no diflerence, so far as appearances 
are ^ supposed sufficiently 

distantjl^pw^ no sensible apparent parallactic dis-« 
placemtlflS^^ the motion so attributed to the earth. 
Whether they are so or not must still be a matter of 
enquiry; and from the absence of any mcaaureable 
amount of such displacement, we can conclude nothing 
but tSis, that the scale of the sidereal is so 

great, that the mutual orbit of t]be earth may 
he regarded as an'' imperceptible point eompa* 
risoD* Admitting, then, in con^M^ty wHh laws 
of dynamics, that two bodies ommected with and 
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revolviog about each other in free space do^ in fact^ 
revolve about tlieir common centre of gravity, which 
remains immoveable by their mutual action^ it becomes 
a matter of further enquiry, wherculfvuts between them 
this centre is situated. Mechanics teaches us that its 
place will divide their mutual distance in the inverse 
^atio of their weiglUn or manses^; and calculations 
'founded on phenomena^ of which an account will be 
given further on, inform us that this ratio, in the 
case of the sun and earth, is actually that of 
10 1 , — the sun being, in that proportion, more pon- 
derous than the earth. From this it will follow that 
^.^ikmmon jioint about which they both circulate is 
lTO)rfS67 miles from the sun’s centre, or about 3-3*0 
part of its own diameter. 

(308.) Henceforward, then, in conformity with the 
above statements, and with the Copernican view; of our 
^stem, we must learn to look upon the '*6un as tlie 
^wiQparatively motionless centre alwut which the earth 
'performs an annual elliptic orbit of the dimensions and 
exct'ntricity, and with a velocity regulated according to 
the law above assigned; tlie sun occupying one of the 
foci of the ellipse, and from that station quietly disse- 
minating on all sides its light and heat ; wbOe the earth, 
travelling round it, and presenting itself differently to it 
at different times of the year and day, pefttee through 
the varieties of day anil night, summer and inbter, which 
we enjoy. 
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( 309 .) In this annual motion of the earthy its axis 
preaervcB^ at all times^ the same direction as if the 
orlutual movement had no existence ; and is carried 
round parallel to itself, and pointing always to tlie 
same vanishing point in the sphere of the fixed stars. 
This it is which gives rise to the variety of seasons, as 
we shall now* explain. In so doing, we shall neglect 
(for a reason which will be presently explained) the 
ellipticity of the orbit, and suppose it a circle, with the 
sun in the centre. 

(310.) Let, then, S represent the sun, and A,B, C, 
four positions of the earth in its orbit 90 ^ apart, viz. 
A that which it has on the 21st of March, or at the time 
of the vernal equinox ; B that of the 21st of June, or 
the summer solstice ; C that of the 21st of September, 
or the autumnal equinox; and D that of the 21st of 
December,^ or the winter solstice. In each of these 
positions let PQ represent the axis of the earth, aboti;^^ 
which its diurnal rotation is pt*rfonned without intei^ 
fering with its annual motion in its orbit. Th^n, since 
the sun can only enlighten one half of the surface at 
once, viz. tliat turned towards it, the shaded portions 
of the in its several positions will represent the 
dark, and \he bright, the enlightened halves of tJie 
earth’s surface in these positions. Now, 1st, in tlie 
position the sun is vertically over the intersection* of 
the equinoctial F £ and the ecliptic II G. It is, tliere- 
fore, in the equinox ; and in this position the poles 
P, both fall on the extreme confines of the cidighu 
ened side. In this position, tliercfore, it is day over 
half the norlbm and half tiie southern hemisphere at 
once ; and earth revolves on its axis, e^ry point 
of its surface describes half its diurnal course in light, 
and half in darkness ; in other words, the fluration of 
day and night is here equal over the whole globe 
h^ce the equinox. The same holds^good at the 
autmnpal on the position C. 

(311.) jfwthe position of at the time uf 
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the summer solstice. Here the north pole P, 

and a eunndcrable ])oriion of the earth's surface in its 
neighboarhood, as far as are situated within the 
enlightened half. As the earth turns on its axis in 
this position, therefore, the whole of tliat part re- 
mains constantly enlightened ; therefore, at this point 
of its orbit, or at this season of the year, it is continual 
day at the north i)ole, and in all that region of the 
earth which encircles this pole as far as B — that is, to 
the distance of from the pole, or within what 

is called, in geography, the arrtic cirrlr. On the other 
hand, the opposite or south pole Q, with all the region 
comprised within the antarctic circle, as far as 28' 
from the south pole, are immersed at tliis season* in 
darkness, during the entire diurnal rotation, so that it 
is here continual night. 

('112.) With regard to that portion of the surface 
comprehended between the arctic and antarctic circles, 
It is no less evident that the nearer any point is to the 
north |>ole, the larger will In; the portion of its diurnal 
course conipristHl w’ithin the bright, and the smaller 
within the dark liemiaphere ; that is to say, the longer 
will he its day, and tlje shorter its night. Every station 
north of the equator will have a day of more and a 
night of less tl»an tw^elve hours' duration, and xnce 
rem;. All these phenomena are exactly inverted when 
the earth comes to the opposite point D of its orbit. 

(8 IS.) Now, the temperature ofany part of the earth's 
surface depends mainly, if no\entirely, on tts exposure 
to the sun’s rays. Whenever the sun is above the horizon 
of any p]ace»;Jtliat place is receiving heat ; when Ijelow, 
parting with it, by the process called radiation ; and the 
whole (pi(iitij,ies received and parted with in the year 
must luilai^c each other at every station, or the equi- 
librium of temi>crature would not be supported. VVhen. 
ever, then, the sun remains more than tw^vc hours 
above the horizon of any place, and lesa tlie 

general temperature . of that place will be 
average ; wdien the below. As the eartif/v^« 
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uSoves from A to the days growing longer^ 4 Uld the 
nights sliorter, in the nordicrn hemispheroii ijie tem- 
perature of every part of that hcmisjdiere increases, and 
we pass from spring to summer ; while, at the same 
time, the reverse obtains in the southern limispberc. 
As the earth passes from B to C, the days and nights 
again approach to eijualily — tlje excess of temperature 
in tlie northern hemisplierc above the mean state grows 
less, as well as its defect in the southern ; and at the 
autumnal equinox C, the mean state is once more 
attained. From thence to T), and, finally, round again 
to A, all the same phenomena, it is obvious, must again 
occur, but reversed, — it being now w^inter in the north, 
cm, an<l summer ui the southern hemisphere. 

(314.) All tliis is exactly consonant to observed fact. 
The continual day within the polar circles in simiiner, and 
night in winter, the general increase of U^mperature and 
length day as the sun approaches the elevated pole, 
and the reversal of the seasons in the northern and 
southern hemispheres, are all facts too well known to 
require further comment. The positions A, (J of the 
earth correspond, as we have said, to the equinoxes ; 
those at B, 1) to the soisticeif. This term must l>c 
explained. If, at any point, X, of the orbit, we draw 
X P the earth's axis, and X S to the sun, it is evident 
tliat the angle P X S will be the sun's p(//ar diatanh, 
Xow, this angle is at its maximum in the position 1>, 
and at its minimum at B; being in the former case 
= 90 ° + and in the latter fjO'"— 
32'. At these points the sun ceases to 
approach to or to recede from tlie pole, fuid hence the 
name solstice. 

(315.) The elliptic form of the earth’s orhib has but 
a very trifling share in producing the varifttioK of tem- 
perature corresponding to the difference of sea^ns. This 
assertion may at first sight seem incompatible with what 
we the laws of the communication of heat 

froi^.^lQnininary placed at a variable distance. Heat, 
being equally dispersAdl from the siln in all 
o 3 " 
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directions, and being spread over the surface of a spherb 
continually enlarging as we recede from the centre, 
must, of course, diminish in intensity according to the 
inverse proportion of the surface of the sphere over 
whicli it is 8[»read ; that is, in the inverse proportion of 
the square of the distance. But we have seen (art. 293.) 
that this is also the proportion in which the angular re- 
Mbf of the eartli about the sun varies. Hence it ap- 
jiearti, that the mmmmtary svppfif of h^it received by the 
earth from the sun >aries in the exact proportion of iJie 
angular velocity, i. v. of the moinmtary incmisc of longL 
tufir: and from this it follows, that equal amounts of 
heat are received from the sun in passing over equal 
angles round it, in whatever part of tlie ellipse those 
angles may be situatetl. Let, then, S represent the sun ; 



A Q M P the earth's orbit ; A its nearest point to the 
sun, or, as it is called, the perihalion of its orbit ; M the 
farthest, or tlie aphelion; and therefore A S M the ff.rw 
of the ellipse. Now, suppose the orbit divided into two 
segments by a straight line P S Q, drawn through the 
sun, and any how situated as to direction ; then, if we 
suppose ijie earth to circulate in the direction P AQ M P, 
it will have passed over 180® of longitude in moving 
from P to and as many in moving from Q to P. It 
appears, therefore, from what has b^n shown, that the 
supplies of Heat received from the sun will be equal in 
the two segments, in whatever direction the line P S Q 
be drawn. They wfll, indeed, be described in unequal 
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Irnies ; that in which the perihelion A lies in a shorter^ 
and the other in a longer^, in proportion to their unequal 
area : but the greater proximity of tlie sun in the suiallcr 
segment compensates exactly for its more rapid de- 
scription^ and thus an equilibrium of heat is, as it were, 
maintained. Were it not for this, the cxccntricity of 
tlie orbit would materially influence the transition of 
seasons. I'he fluctuation of distance amounts to nearly 
of its mean quantity, and, consequently, the fluctu- 
ation in the sun’s direct heating power to double this, or 
-j^T^th of the whole. Now, die perihelion of the orbit is 
situated nearly at the place of the northern winter sol- 
stice ; so that, were it not for the compensation we have 
just described, the effect would be to exaggerate the dif- 
ference of summer and winter in the southern liemi- 
sphere, and to moderate it in the northern ; thus pro- 
ducing a more violent alternation of climate in the one 
hemisidiera, and an approach to pcriietual spring in the 
other. As it is, however, no such inequality subsists, 
but an equal and impardai distribution of heat anti 
light is accorded to Iwth. * 

The great key to simplicity of conception in 
astronomy, and, indeed, in all sciences where motion is 
concerned, consists in contempladng every movement as 
referred to points which are either permanently fixed, 
or so nearly so, as that their motions shall be too small to 
interfere materially with and confuse our notions. In 
the choice of these primary points of reference, too, we 
must endeavour, as far as possible, to select such as have 
simple and symmetric^ geometrical relations of situa- 
don with respect to the curves describctl by the moving 
parts of the system, and which are thereby fitted to per- 
form the office of natural centres — advant^eous sta- 
tions for the eye of reason and theory. Havmg learned 
to attribute an orbitual modon to the earlhp it loses this 
advantage, which is transferred to the sun, as' the fixed 
centre altout which its orbit is performed^ Precisely as. 
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'when embarrassed by the earth's diurnal motion^ 
have learned to transfer, in imagination, our station of 
observation from its surface to its centre, by tlie appli* 
cation of the diurnal parallax ; so, when we come to en- 
quire into tlic movements of the planets, we jAall Und 
ourselves continually embarrassed by the orbitqiaj mo 
tionof qur point of view, unless, by the consideration of 
the jlifli^ or heVmrntrh jurraf/a.r, as it may be termed, 
wc Cflipnt to refer all our observations on them to the 
centre of tlie sun, or rather to the eoinmon centre of gravity 
of the sun, and the other iKulics which are connected with 
it in our system. Hence arises the distinction between 
the gm mtric and hulhcentrir place of an object. The 
former refers its situatiou in space to an imaginary 
sphere of infinite radius, haring the centre of tlie einA 
for its centre — the Litter to one concentric with thesinli. 
Thus, when we speak of the hplwrmtnc hngituden and 
laiifudps of objeclR, we suppose the spectatoi: situated in 
the sun, and referring them, by circles perpendicular to 
the jdane of the ecliptic, to the great circle marked out 
in the heavens by the infinite prolongation of that 
plane. 

(fiI7.) The point in the imaginary concave of an in- 
finite heaven, to which a spectator in the sun refers 
the earth, must, of course, be diametrically opposite to 
that to which a spectator on the earth refers the suafa. 
centre ; consequently, the heliocentric latitude of 
eartli is always nothing, and its heliocentnc longittife 
always equal to the sun's geocentric longitude + 

The heliocentric equinoxes and solstices are, therefore, 
the same as tlie geocentric ; and to conceive them, we 
have, only to imagine a plane passing through the sun's 
centre, paraShl to the earth's equator, and prolonged jo*, 
finitely oir* all sides. The line of intersection 
plane and tl e plane of the ecliptic is the line of eqtiu 
noxes, and the solstices are distant from it. 

(318.) The position of the longer axis of the earth’s 
orbit is a point of great importance. In the figure 
(art. 3151) let £ C L 1 be the ecliptic^ £ the jmtl 
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oquinox, L the autumnal (i. e. the points to vfhich the 
mrth is referred from the sun when its heliocentric hn^ 
gltudes arc 0^ and 180^^ respectively). Supposing the 
earth's motion to be performed in the direction K (> L 1^ 
the angle E S A, or the longitude of the perihelion, in 
the year 1 800 was 90^ 30' 5 we say in the year 1800, 
because* in point of fact, by the operation 
hereafter to be explained, its position is Bul^yp^ati 
extremely slow variation of about IS'' jier to 

the eastward, and which, in the )>rogres8 of an im- 
mensely long [>eriod — of no less than ii0,984 years — 
carries the axis A S M of the orbit completely round the 
whole circumference of the ecliptic. Jlut this motion 
must be disregarded for the present, as w^ll as many 
tflhsi' minute deviations* to be brought into view wdion 
they can be better understood. 

( 319 .) Were the earth's orbit a circle, described with 
a uniiTirhi velocity about the sun placed in its centre^ 
nothing could be easier than to calculate its position at 
any time, with respect to the line of equinoxes, or its 
longitude, for we ^ould only have to reduce to num- 
bers the proportion following ; viz. One year : the time 
dapsed :: : the arc of longitude passed over. 

The longitude so calculated is called in astronomy the 
mean longitude of the earth. But since the earlhTa 

f t is neither circular, nor uniformly described, this 
will not give us the true place in the orbit at any 
K)8ed moment. Nevertheless, as the excentricity 
and deviation from a circle are small, the true place 
will never deviate very far from that so determined 
(which, for distinction’s sake, is called the mean plw:e), 
and the former may at all times be calculate from the 
laller^ by applying to it a correction or equHiojf (as it is 
whose amount is never very great, dtad whole 
e^lQtation is a question of pure gcometrypdepeadiiig 
on &a equable description of areas by the earth about 
the sail. For since, in the elliptic motion^ according to 
Kepler^a law above stated, areas not angles are de« 
60K3M uniformly, the proportion must now be stated 
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thus ; One year : the time elapsed : : the whole arm of 
the ellipse : the arm of the sector swept over by the 
radius vector in that time. This area, therefore^ be- 
comes known, aiid it is then, as above observed, a pro- 
blem of pure f'eomotry to ascertain the nvrjile about the 
sun (A S art. 'Jir).), which corresponds to any pro- 
posed fractional area of the whole ellipse supposed to 
be contained in the sector A P S. Suppose we set out 
from A the perihelion, then will the angle A S P at first 
increas<7 more rapidly than the mvan longitude, and 
will, thcrofoTO, daring the whole semi-revolution from 
A to M, exceed it in amount ; or, in other words, the 
true place will lx? in advance of the mean : at M, one 
half the year will have elapsed, and one half the orbit 
have I'icen described, whether it be circular or elliptic. 
Here, then, the mean and true places coincide ; hut in 
all the other half of the orbit, from M to A, the true 
place will fall short of the mean, since at M^thc Angular 
motion is slowest, and the true place from this point 
begins to lag behind the mean — to make up with it, 
however, as it approaches A, whore it once more over- 
takes it. 

(820.) The quantity by which the true longitude of 
the earth differs from the mmn longitude is called tlie 
Equation of the centre, and is additive during all the 
half-year in which the earth ])asses from A to M, be- 
ginning at 0^ 0^ increasing to a maximum, and 
again diminishing to zero at M ; after which it becomes 
subtractive, attains a maximum of subtractive mag- 
nitude between M and A, and again diminishes to 0 
at A. Its maximum, both additive and subtractive, is 
55' 

(321.), By applying, then, to the earth's mean lon- 
gitude, the equation of the centre corresponding to any 
given timi* at which we would ascertain its place, the 
true longitude becomes known; and since the sun is 
always seenafrom the earth in 180® more longitude 
than the earth from the sun, in this way also the sun'a 
trae pla^ in the ecliptic becomes known. The cal- 
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cftlation of Uie equation of the centre is performed by 
a table constructed for that purpose^ to be found in aU 
“ Solar Tables.’* 

(322.) 'rhe maximum value of the equation of the 
centre depends only on the ellipticity of the orbits and 
may be ex]>ressed in terms of the excentricity. Vice 
rtimi, therefore, if the former quantity can lie ascer. 
tained by observation, tlic latter may be derived from 
it; because, whenever the law*, or numerical connection, 
between two quantities is known, the one can always be 
determined from the other. Now, by assiduous oh- 
scrvatioii of the sun’s transits over the meridian, we 
can ascertain, for every day, its exact right ascension, 
and thence conclude its longitude (art. 2()0.). After 
this, it is easy to assign the angle by which this ofu 
fterved longitude exceeds or fails short of the mean ; and 
tlie greatest amount of this excess or defect which occura 
in th^ wh^lc year, is the maximum equation of the 
Centro. This, as a means of asaTtaining the excen- 
tricity of the orbit, is a far more easy and accurate me- 
thod than that of concluding its distance by measuring 
its apparent diameter. The results of the two methods 
coincide, however, perfectly. 

(323.) If the ecliptic coincided with the equinoctial, 
tlie eflect of the equation of the centre, by disturbing 
the uniformity of the sun’s apparent motion in longi. 
tude, w^ould cause an inequality in its time of coming 
on the meridian on successive days. When tlie sun’s 
centre comes to tlie meridian, it is apparent noan, and 
if its motion in longitude were uniform, ami tlie ecliptic 
coincident with the equinoctial, this would always coin- 
cide wdth mean noon, or the stroke of 12 hn a welLre- 
gulated solar clock. But, independent of tly want of 
uniformity in its motion, tlie obliquity of the ecliptic 
gives rise to another inequality in this respect ; in con- 
sequence of which, the sun, even supposing its motion 
in the ecliptic uniform, would yet alternately, in its 
time of attaining the meridian, anticipate and fall short 
of the mean noon as shown by the clock. * For the 
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right aBcension of a celcntial object^ forming a side of a 
right-angled spherical triangle, of which its longitude 
is the hy])Othcnuse, it is clear that the uniform increase 
of the latter must necessitate a deviation from uni. 
formity iij*, the increase of the fonner. 

(324.) These two causes, then, acting conjointly, pro. 
duce, in fact, a very ccjnsiderabie fluctuation in the time 
as shown per clock, when the sun really attains the 
meridian. It amounts, in fact, to upwards of half an 
hour ; apparent noon HOinetiincs taking place as much 
as 16*.} min. hrfore menu noon, atnl at others as much as 
min. after. This iliilercnce betwctMi apparent and 
mean noon is called the vqoathm of time, and is calcu- 
lated and in.serted in epbernerides fi>r every day of the 
year, under that title ; or else*, which comes to the same 
thing, the moment, in moan time, of the surrs culmina- 
tion for each day, is set down as an astrotiomical phe- 
nomenon to be observed. , 

(32;).) As the sun, in it.s apparent annual course, is 
carried along the eclijitic, its declination is continually 
varying between the extreme limits of 23^^ 28' 40'' 
north, and as much south, which it attains at the sol- 
stices. It is consequently alw^ays vertical over some part 
or otlier of that zone or Me of the earth's surface which 
lies between the north and south parallels of 23^^ 28' 40". 
These parallels are called in geography the tropica ; 
the northern one that of Cancer, and the southern of 
Capricorn ; because the sun, at the respective solstices, 
IS situated in the division, or signs of the ecliptic so de- 
nominated. Of these signs there are tw^elve, each oc- 
cupying of its circumference. I'hey commence at 
the vernal equinox, and are named in order — Aries, 
Taurus, ^Gemini, Cancer, I^eo, Virgo, Libra, Scorpio, 
Sagittariihi, Capricornus, Aquarius, Pisces. They are 
denoted also by the following symbols: — <y>, 8, n, 
A, vs,, rri, /, Vf, K- The ecliptic it- 
self is also divicM into signs, degrees, and minutes, 
&c. thus, 5* 27^^ 0' corresponds to 177® 0' ; but this 
js beginning to be disused. 
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AVlicn tile sun is in either tropic, it enlightens, 
as wc have seen, the pole on that side the equator, and 
shines over or beyond it to the extent of 23® 28' 40". 
The parallels of latitude, at this distance frotn either 
pole, are called the polar circles, and are diitinguished 
from each othef by the names arctic and antarctic. The 
regions within these circles are sometimes termed frigid 
Kones, while the hfdt lietween the tropics is called the 
^rrid zone, anti the immediate bells temperate zones. 
These last, however, are merely names given for the sake 
naming ; as, in fact, owing to the diflererit distribution 
of land and sea in the two herniKphercs, zones of climate 
arc not co.temiinal with zones of latitude, 

(327.) (lur seasons are determined by the apparent 
passages of the sun across the equinoctial, and its alter- 
nate arrival in the northern and southern hemisphere. 

ere the equinox invariable, this would happen at in- 
terval pretisely equal to the duiation of the sidereal 
year ; but, in fact, owing to the slow conical motion of 
tile earth's axis described in art. 26’4, the equinox re- 
treats on the ecliptic, and meete the advancing sun Bomc> 
what before the whole sidereal circuit is completed. The 
annual rctrcMt of the equinox is .00"* 1, and this arc is 
described by the sun in the ecliptic in 20' If) '*9. By 
so much ehortcr, then, is the periodical return of Oilfr 
seasons than the true sidereal revolution of the earth 
round the sun. As the latter period, or sidereal year, is 
equal to 6^ 9"* f)* •(>, it follows, then, that the 
former must be only 365‘* 5** 48"' 49* *7 ; and tliis is 
what is meant by the tropical year. 

(828.) We have already mentioned that the longer 
axis of the ellipse describtfi by the earth has a slow mo. 
don of 1 1 "*8 per annum in advance. From Ahis it re- 
sults, that when the earth, setring out from the perihelion, 
has completed one sidereal period, the peAhelion wiU 
have moved forward by H"*8, which arc must be de- 
scribed before it can again reach the perilKiion. In so 
doing, it occupies 4^ 39"^7 and this must thpefore be 
add^ to the sidereal period, to ghre the interval between 
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two consecutive returns to the perihelion. This inter* 
val, then, is 36*5“ 6'*‘ 13”* 49* *3*, and is what is called 
the anomalintic year. All these periods have their uses 
in astronomy ; but that in which mankind in general are 
most interested is the tropical year, on which the return 
of the seasons depends, and which we thus perceive to 
be a compound jihenomenon, depending chiefly and di« 
rectly on the annual revolution of the earth round tlie 
aun, but subordinatcly also, and indirectly, on its rotation 
round its own axis, which is what occasions the preces- 
sion of the equinoxes ; thus affording an instructive ex- 
ample of the way in which a motion, once admitted in 
any part of our system, may be traced in its influence 
on others with which at first sight it could not possibly 
be supposed to have any thing to do. 

(32f).) As a rough consideration of the appearance of 
the earth points out the general roundness of its form, and 
more exact enquiry has led us first to the discovery of its 
elliptic flgure, and, in the further progress of refinement, 
to the perception of minuter local deviations from that 
flgure ; so, in investigating the solar motions, the first 
notion we obtain is that of an orbit, generally speaking, 
round, and not far from a circle, which, on more care* 
ful and exact examination, proves to be an ellipse of small 
excentricity, and described in conformity with certain 
laws, as above stated. Still minuter enquiry, however, 
detects yet smaller deviations again from this form and 
from tlicse laws, of which we have a specimen in the 
slow motion of the axis of the orbit spoken of in art. 
318. ; and which are generally comprehended under the 
name of perturbations and secular inequalities. Of these 
deviations, and their causes, we shall speak hereafter at 
length, it is the triamph of physical astronomy to 
have rendered a complete account of them all, and to 
have left nbthing unexplained, either in the motions of 
the sun or in those of any otfaor of the bodies of our 
system. BuO the nature of this explanation cannot be 

* The»e nunben, u wsA m all the other numerical dau of our system, 
are taken tVom Mr. BeUy'ii ABCroQomlcai Tidilci and rormuls, the 
oontivy is capreuaiL 



S PHYSICAL CONCTITHTIOK OF THE St'N. 207 

• 

understood till we have developed the law of gravita- 
tion, and carried it into its more direct consequences. 
This will be the object of our three followinf; chapters ; 
in which we shall take advantage of the proximity of tlie 
moon, and its immediate connection with and depend- 
ence on the e&rth, to render it, ns it were, a step- 
ping-stone to the general explanation of the planetary 
movements. 

(3.S0.) AVe shall conclude this by describing what is 
known of the physical constitution of the sun. 

AV^hen viewe<l through powerful telescopes, provided 
with coloured glasse.s, to take off the heat, which would 
utlierwise injure our eyes, it is observed to have fre- 
quently large and perfectly black spots upon it, sur- 
rounded with a kind of border, less completely dark, 
called a penumbra. Some of these are represented at 
a, h, 0 ^ plate iii. fig. 1 , in the plate at the end of this 
volume. l*hey arc, however, not permanent. AVheu 
watched from day to day, or even from hour to hour, 
they appear to enlarge or contract, to change their 
forms, and at length to disapi)ear altogetlier, or to break 
out anew in jiarts of the surface where none were before. 
In such cases of disappearance, the central dark spot 
always contracts into a point, and vanishes before tlie 
border. Occasionally they break up, or divide into twft 
or more, and in those offer every evidence of that ex- 
treme mobility which belongs only to the fluid state, 
and of that excessively violent agitation which seems 
only compatible with the atmospheric or gaseous state 
of matter. Tlic scale on which their movements take 
place is immense. A single second of angular measure, 
as seen from the earth, corresponds on the sun's disc to 
465 miles; and a circle of this diameter (mntaining 
therefore nearly 220,000 square miles) is *the least 
space which can be distinctly discerned on Ac sun as a 
^Mble area. Spots have been observed, however, whose 
linear diameter has been upwards of 45,i00 miles* ; 

* lUy«r, Obi. Shr. IS. l75fL ' Ingens mscuU la lote covpiciehitUL 
cmoi dianetfiT diam. •otu." 
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and even, if some recorrls are to be trusted, of very 
much greater extent. That such a spot should close up 
in six weeks' time (for they hardly ever last longer), its 
borders must approach at the rate of more than 1000 
miles a day. 

Many other circuniKtances tend to corroborate this 
view of the .subject. The part of the sun's disc not 
occupied by spots is far from uniformly bright. Its 
ffTouruf is finely inottleil with an appearance of minute, 
dark dots, or porn\ which, when attentively watched, 
are found to he in a constant state of change. There 
is nothing which represents so faithfully tliis api>car-. 
ance as the slow subsidence of some flocculent chemical 
precipitates in u transparent fluid, when viewed perpen- 
dicularly from above : so faithfully, indeed, that it is 
hardly possible not to be impressed with the idea of a 
luminous medium intermixed, hut not confounded, with 
a transparent and non.luminous atmosphere; either float- 
ing as clouds in our air, or pervading it in vast sheets 
and columns like flame, or the streamers of our northern 
lights. 

(331.) Lastly, in the neighbourhood of great spots, 
or extensive groujis of them, large space.s of the surface 
are often observed to be covered with strongly marked 
curved, or branching streaks, more luminous than the rest, 
called favuliv, and among these, if not already existing, 
spots frequently break out. They may, perhaps, be re- 
garded with most probability, as the ridges of immense 
waves in the luminous regions of the sun's atmosphere, 
indicative of violent agitation in their neighbourhood. 

(SSil.) But what are the spots } Many fanciful no- 
tions have been broached on this subject, but only one 
-.seems toe have any degree of physic^ probability, viz, 
fliat they are the dark^ or at least comparatively 
dark, soliit body of the sun itself, laid bare to our 
view by those immense fluctuationB in the luminous 
regions of its atmosphere, to which it appears to be sub- 
ject Rfspccting the inanner in which this disclosure 
l|||SS place, different ideas again have been advocated. 
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Ldsiule (art* 3240.) suggests, that eminences in the na- 
ture of mountains are actu^y laid bare^ and project above 
tlie luminous ocean, appearing black above it, while 
their shoaling decliviffes produce tlie penumbra*, where 
the luminous fluid is less deep. A fatal objection to 
this theory is tlic perfectly uniform shade of the pen- 
umbra and ifs sharp termination, both inwards, where 
it joins the spot, and outwards, ivhere it borders on the 
bright surface, ^^ more probable view has been taken 
by Sir 'W^illiam Herschel*, who considers the luminous 
strata of the atmosphere to be sustained far above the 
level of the solid hpdy by a transparent elastic medium, 
carrying on its upper surface (or rather, to avoid the 
former objection, ai aame considerably lower level within 
it» depth,) a cloudy stratum which, being strongly illu- 
minated from above, reflects a considerable portion of the 
liglit to our eyes, and forms a penumbra, while the solid 
body, loaded by tlie clouds, reflects none. 'J'be tem- 
porary removal of both the strata, but more of the upper 
tlian the lower, he supposes eflected by powerful upward 
currents of the atmosphere, arising, perhaps, from spi- 
racles in the body, or from local agitations. Sec flg. 1. d, 
Plate 111. 

(333.) The region of the spots is confined within 
about 30*^ of the sun’s equator, and, from their motion 
on the surface, carefully measured wdth micrometers, ’is 
ascertained tlte position of the equator, which is a plane 
inclined 7^ 20' to the ecliptic, and intersecting it in a 
line whose direction makes an angle of 80'^ 21^ with that 
of the equinoxes. It has been also noticed, (not, we 
think, without great need of further confirmation,) that 
extinct spots have again broken out, after long intervals 
of time, on the same identical points of the sun^ globe. 
Our knowledge of the period of iu rotation \wluch, 
according to Delambte's calculations, is 23<i*0n54, but, 
according to others, materially different,)* can hariUy be 
regarded as sufficiently precise to establish a 4 >oint of so 
much nicety. 


*FbiL Tram. 1301. 
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(S84.) That the temperature at the visible surface of 
the sun cannot be otherwise than very elevated^ much 
more so than any artificial heat produced in our furnaces^ 
or by chemical or galvanic processes, we have indications 
of several distinct kinds : Ist, From the law of decrease of 
-radiant heat and light, wliich, being inversely as the 
squares of the distances, it follows, that the heat received 
on a given area exposed at the distance of the earthy 
and on an equal urea at tlie visible surface of the sun^ 
must be in the proportion of the area of the sky occupied 
by the sun’s ap])arcnt disc to the whole hemisphere, or 
as ] to about VOODOO. A far lesi^ intensity of solar 
radiation, collected in the focus of a burning glass, suf« 
fices to dissipate gold and platiiia in vapour. i2dly. From 
the facility with which the caloritic rays of the sun 
traverse glass, a property which is found to belong to 
the heat of artificial fires in the direct proportion of their 
intensity. * Jdly, From the fact, tliat the motU vivid 
fiatnes disap^iear, and the most intensely ignited solids 
appear only as blatfk spots on tlie disk of the sun when 
ludd between it and the eye. t From this hist remark 
»it follows, that the body of the sun, however dark it may 
appear when seen through its sjiots, may, nevertlieless, 
be in a state of most intense ignition. It does not, 
however, follow of necessity that it mwt be so. The 
contrary is at least physically possible. A perfectly re- 
fleetim canopy would efiectually defend it from the ra. 
diatioti of tlie luminous regions above its atmosphere, 
and no heat would be conducted downwards through a 
gaseous medium increasing rapidly in density. That 
the jienumbrid clouds are highly reflective, the fact of 
their visibility in such a situation can leave no doubt. 

* By mcMuretnent with the aeiinometert in inftniment I have 
long employed In inch enquiriei, and whcne IndicaUona are liable to none 
of thetso MMii^ of fallacy which bcaet the luual modea of ettination, 1 find 
that out of l9lX) calonlic solar raya, SiH penetrate a iliQet of plate glaia 0*12 
lit! h thu'k , and that of lOUO raya which liave pawed through oiieauch|plate» 
hafl are oauiitile ol luwaing through another. Author^ 

A. •«! In IVnimw 


ni ah iinp.ii'ect trial at which I waa prNeui. The expeciment ou^t to 
Ut itqwatett uuder lavourahle circuioftaBCca.«»> Aviher. 
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(835.) This immense escape of heat by radiation, we 
may also remark, will fully explain the constant state of 
tumultuous agitation in which the fluids composing the 
visible surface are maintained, and the continual gene- 
ration and Ailing in of tlteporei, without having recourse 
to internal causes. The mode of action here alluded to 
is perfectly represented to the eye in the disturbed sub- 
sidence of a precipitate, as described in art. 880., when 
the fluid from which it subsides is warm, gnd losing 
heat from its surface. 

(336.) The sun's rays are the ultimate source of almost 
every motion which takes place on the surfaa^ of the earth. 
By its heat are produced ^1 winds, and those disturbances 
in the electric equilibrium of the atmosphere which give 
rise to the phenomena of terrestrial magnetism. By 
their vivifying action vegetables are elaborated from 
inorganic matter, and become, in their turn, the sup- 
port 0 ? aniiflals and of man, and the sources of those 
great de|> 08 it 8 of dynamical eiflcicncy which are laid u]> 
ibr human use in our coal strata. By them the waters 
of the sea are made to circulate in vapour through the 
air, and irrigate die land, producing springs and rivers.^ 
By them are produced all disturbances of the chemical 
equilibrium of the elements of nature, which, by a series 
of compositions and decompositions, give rise to new 
products, and originate a transfer of materials. Even 
the slow degradation of the solid constituents of the 
surface, in which its chief geological changes consist, and 
their diffusion among the waters of the ocean, are entirely 
due to the abrasion of the wind and rain, and the aL 
temate action of the seasons; and when we consider 
the immense transfer of matter so profluced, the increase 
of pressure 'over large spaces in the bed of the ocean, 
and diminution over corresponding portions of the land, 
we are not at a loss to perceive how the elastiS power of 
subterranean fires, thus repressed on the one hand and 
relieved on the other, may break forth in poiirts when the 
resistance is barely adequate to their retention, thus 



212 A TREATISE OK A»TllOKOHY. CIIAI . V. 

bring the phenomena of even volcanic activity under the 
general law of aolar influence. 

(3S7.) Tlie great mystery, however, is to conceive 
how so enormous a conflagration (if such it be) can be 
kept up. Kvery discovery in chemical science here 
leaves us com])letcly at a loss, or rather, seems to remove 
farther tlie prospect of probable explanation. If con- 
jecture miglit be hazarded, wo should look rather to the 
known possibility of an indefinite generation of heat by 
friction, or to its excitement by the electric discharge, 
than to any actual combustion of ponderable fuel, whether 
.solid or gaseous, for the origin of the solar radiation. * 


* Klivtrlcity travcniiiK cxcmivoly rnrofied atr or va|)OurR, gi?ei out 
light, and, iluuhtlcM, aluo heat. M.iy not si rontiniial ciim'nt of oloctnc 
mutter bo coiuttniitly circulating in thoMiira immiHliato neighbourhood, or 
travcraiiig tho planetary 8pac(», and oxoiting, In tlie regions of Its 
atmoaphere, tboso iihonumcna of which, on however diminutive a scale, we 
have yet an tincqiiivncal mariirestaiVun in our aurora borcahi. 'J'he |iofl. 
tiblo analogy of tbc solar light to that of the aurora bn« bee* listinctly 
insisted on by my Kathcr, in his itHfier already cited. It ^ciuld be a highly 
curious subject uf expcnmenril enquiry, how far a mere reduplication of 
sheets of flame, at a (listauco one iiehitid the other thy which their lifiht 
roigJit Ih’ brought to any required intensity^, would coinmuiiicate to the 
heat of the resulting conifiound ray the prnetraiing character wh'mh dls^ 
tinmiihei the solar caloriflc rays. We may also observe, that the tran. 
^quillity of the sun's polar, as eonipar«>d with iU equatorial regions (if its 
'^ap(^ lie really atmospheric'', cannot br arcounted lor by Its rotation on Its 
axis only, but mm/ arise Crom some cause ox tenial to the lun, as we see the 
belts of'Jupiter and Saturn, and our trade-winds, arise from a cause, ex- 
tenml to these planets, combining itself with their totation, which alsmc 
can produce no motions when once the form of equilibrium is attained. 

The prismatic analysis of the .solar lieam exhibit! in the spectrum a 
series of ** fixed Uncs/’ totally unlike those which belong to the light of 
any known icrrestriol flame. This may hereafter lead ui to a clearer 
iiiiigbt into its origin. Hut. befbre we can draw any conclus ions llrom such 
an indication, wc must rccullect, that previous to reaching us it has under, 
gone the whole iilMonitive actum of our atmosphere, os wdl as of the sun ’a 
Of the latter we know nothing, and may conjecture every thing ; but of 
the blue colour of tiio former we are sure; and if this be an inherent 
(i. f. an absorptive] colour, the air must be expeefced to act on the spectrum 
after the analogy of other coloured media, which often (and eftpea'aHy Ugkt 
hhse media) leave unahsoriied portions lepantod by dark mtmali It 
deserves enquiry, therefore, whether some or nU the fixed lines observeil 
by Wotlastoii and Fraunhofer may not have their origin in our own 
atmosphei i, Expertmenti made on lofty moontalni, or the cars of bal- 
loons, oiKhe one hand, and on the other with reflected beams which 
have been made to traverse several miles of additional air near the turfkn^ 
would dccidO this poiiit The abiOfpt&ve efihet of the sun’s atnioiphff^ 
andpossihly also of the medium suiroundini it (whatever it be), whidi 
dailsu the mottons of comets, cannot be thus 
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CHAP. VI. 

OF THE MOON. -—ITS SIDEREAL PERIOD. — ITS APPARKNT DIA- 
METER. — ITS PARALLAX, DISTANCE, AND REAL DIAMETER. — 
FXK'iT APPROXIMATION TO ITS ORBIT. — AM ELLIPSE AJlOVl' 
THE EARTH IN THE FOCUS. —ITS ECCENTRICITY AND IN- 
CLIXATIOM. — MOTION jpP THE NODES OP ITS OURIT. — 0(- 

f’ULTATlONS. —SOLAR ECLIPSES. — PHASES OF THE MOON. 

ITS SYNODICAL PERIOD. — LUNaB ECUPSES. MOTION OF 

THE APSIDES OF ITS ORBIT. PHYSICAL ruNSTlTUTION OF TtIP 

SLOON. ITS MOUNTAINS. — ATMOSPlfEKB. — ROTATION ON 

AXIS. — LIBRATIOM.— AFFEABAKCE OF THE EARTH FROM IT. 

(338.) The mooiij like the sun, appears to advance among 
the stars with a movement contrary to the general 
diumai motion of the heavens, but mudi more rapid, so 
as to be very readily perceived (as we have before ob. 
served) by a few hours' cursory attention on any inooiu 
light night. By this continual advance, which, thougJi 
sometimes quicker, sometimes slower, is never inter.* 
mitted or reversed, it makes the tour of the heavens in 
a mean or average period of T** 43'" 1 1* '3, returning, 
in that time, to a position among the stars nearly coih- 
cident with that it bad before, and which would be 
exactly so, but for causes presently to he stated. 

(339*) The moon, then, like the sun, apparently de- 
scribes an orbit round the earth, and this orbit cannot 
be very different from a drcle, because the apparent 
angular diameter of the full moon is not liable to any 
great extent of variation. 

(340.) The distance of the moon from th% earth is 
eonduded from its horizontal parallax, whiel may be 
fbimd either directly, by observations at rAnote geo- 
graphical stations, exactiy similar to those described.^ 
at^ 302., in the ease of the sun, or by meana of the pW 
nomena called occultations (art. 346.), from whidi dso 
its apparent diameter is most readily and correetTy found, 
p 3 
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From such observatioriB it results that the mean* or 
average distance of the center of the moon from that of 
the earth is of the earth's equatorial radii^ or 

about 2370(K) miles. This distance^ great as it is^ is 
little more than one fourth of the diameter of the sun's 
bocly> so that the globe of the sun would nearly twice 
include the whole orbit of the moon ; a consl^ration 
wonderfully calculated to raise our ideas of that stu- 
pendous luminary ! 

(341.) The distance of the moon's center Mm an ob- 
server at any station on the earth's surface^ compared 
with its apparent angular diameter as measured from 
that station^ will give its real or linear diameter. Now, 
the former distance is easily calculated when the distance 
from the earth's center is known, and the apparent 
zenith distaimc of the moon also determined by observ- 
ation ; for if wc turn to the figure of art. and sup 
pose S the moon, A the station, and C%the Varth's 
center, tlie distance S C, and the earth's radius C A, two 
sides of the triangle AOS are given, and the angle 
C A Sj which is the supplement of Z A S, the observed 
zenitli distance, whence it is easy to find A S, the moon's 
distance from A. From such observations and calcula- 
tions it results, that the real diameter of the moon is 2160 
miles, or about 0*2729 of that of the earth, whence it 
follows that, the bulk of the latter being considered as 1, 
that of die former will be 0*0204, or about 

(S42.) By a series of observations, such as described in 
art. 340., if continued during one or more revolutions of 
the moon, its real distance may be ascertained at every 
point of its orbit ; and if at the aanie time its apparent 
places in the heavens be observed, and reduced by means 
of its pa^lax to the earth’s center, their angular inter- 
vo||».willv>eoome known, so that the path of the moon 
then te laid down on a chart supposed to represent 
. in which its orbit lies, Jnst as was explained 

gf the solar ellipse (art. 293.). Now, when 
done, it is found that, neglecting cettain small 
f$«||hSrery perceptible) deviations of which aealMP* 




OWAVtVI* REVOLUTION OF TUB MOONS NODBB. 215 

tory account will hereafter be rendered)^ the form of the 
apparent orbttj like that of the sun^ is elliptic, but con. 
siderably more eccentric, the eccentricity amounting 
to 0*05484 of the mean distance, or the m^jor semi-axia 
of the ellipse, and the earth a center being situated in 
its focus* * 

(343.) The plane in which tins orbit lies is not the 
ecliptic, however, but is inclined to it at an angle 
of 5^ 8^ 48"'^, which is called the inclination of the lunar 
orbit, and intersects it in two opposite points, which are 
called its nodes — the ascending node being that in which 
the moon passes from the southern side of die ecliptic 
to the northern, and the descending tlie reverse. The 
points of the orbit at which the moon is uearest to, and 
farthest from, the earth, are called respectively its perigee 
and apogee, and the line joining them and the eartii the 
line of apsides, 

(344.) ^here are, however, several remarkable cir- 
cumstances which interrupt the closeness of the analogy, 
which cannot fail to strike die reader, between the mo- 
tion of the moon around the earth, and of the earth 
round the sun. In the latter case, the ellipse described 
remains, during a great many revolutions, unaltered in 
its position and dimensions ; or, at least, the changes 
which it undergoes are not perceptible but in a course of 
very nice observations, which have discbs^, it is true, 
the existence of perturbations,’* but of so minute an 
order, diat, in ordinary parlance, and for common pur. 
poses, we may leave them unconsidered. But this can. 
not Iw doue in the case of the moon. Even in a dngle 
revolution, its deviation from a perfect eUipse is very 
sensible. It does not return to t^ same exact poridon 
among the stars from which it set out, thereby indi- 
cating a condnual diange in the plane of its 
in if we trace by observation, 
mottiti, the point where it traverses the 
And Aat the nodes of its orbit are in a 
rHrpqi upon the ediptic. Suppose O tef be 
ml that pc^onof the plane of 

R ♦ 
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which is intersected by the moon^ in its alternate pas- 
sages through it^ from south to norths and tnce tersd; 
and let A B C D £ F lie a portion of the moon's 
orhit^ embracing a complete sidereal revolution. Sup- 


A 


B 

pose it to set out from the ascending node, A ; then^ if 
the orbit lay all in one plane, passing tlirough O, it 
would have a, the opposite point in tlie ecliptic, for its 
descending n^e ; after passing which^ it would again 
ascend at A. But, in fact, its real path carries it not 
to if but along a certain curve, A B C, to /J, a ^int 
in the ecliptic less than 180*^ distant from A; so that 
the angle A O C, or the arc of longitude described be- 
tween the ascending and the descending node, is some- 
what less than 180^. It then pursues its course bdow 
the edijitic, along the curve ODE, and rises again 
ab^e it, not at the point r, diaroetricdly opposite to C, 
but at a point £, less ailvanced in longitude. On the 
whole, then, the arc described in longitude between two 
consecutive passages from south to north, through the 
plane of the ecliptic, falls short of 860 ^ by the angle 
A O E j or, in other words, the ascending node appears 
to have retreated in one lunation, on the jdane of the 
ecliptic by that amount. To complete a sidereal revo- 
lution, then, it must still go on to describe sn arc, A F, 
on its orbit, which will no longer, jmwever, bring it 
oMotly baiic to A, but to a pmnt sot^bwhat above it, or ^ 
Iming nartMUitude, 

(345.) The actual amoimt of this retreat of dieiiMxni's' 
node is about S' 10^-64 per diem, on an average^ and in 
of 6793*39 mean solar days, or abc^484^ 

, lihe ascending node Is carried 
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contrary to the moon's motion in its oibit (or from 
east to' west) over a whole circumference of the eclip. 
tic. Of course^ in the tniiidle of this period the po. 
sition of the orbit must have been precisely'^ reversed 
from what it was at the beginning. Its apparent 
path^ then^ vnll lie among totally different stars and 
constellations at ilifferent parts of this period ; and^ this 
kind of spiral revolution being continually kept up, it 
will^ at one time or other, cover with its disc every 
point of tfe heavens within that limit of latitude or dis. 
tance from the ecliptic which its inclination permitoj^ 
that is to say, a belt or zone of the heavens, of 10*^ l 
in breadth, having the ecliptic for its middle line. 
Nevertheless, it still remains true that tlie acim/ jtdoce 
of the moon, in consequence of this motion, deviates iu 
a single revolution very Utile from what it would be were 
the nodes at rest. Supposing the moon to set out from 
its nodh A, its latitude, when it comes to F, having com-^ 
pleted a revolution in longitude, will not exceed 8'; and 
it must be borne in mind that it is to account for, and 
represent geometrically, a deviation of this small 
that the motion of the nodes is devised. > 

(346.) Now, as the moon is at a very moderate dis. 
tance from us (astronomically speaking), and is in fact 
our nearest neighbour, while the sun and stars ate ^in 
compariion immensely beyond it, it must of neemty 
happen, that at one time or other it must pass over and 
oe^t or eclipse every star and planet within the zone 
above described (and, os seen from the surface of 
earth, even somewhat beyond it, by reason of paral^ 
lax, which may throw it apparently nearly a d^ree , 
either way from its place as seen from die center, ac- 
cording to the obser^ s slaHon). Nor Is the ^ itsdf 
exempt fkum being Ihns hidden, whenever anf part 
the moon's (fisc, in this her tortuous coumf comes td 
space occupied in the heavens by. 
tbst On these occasions Is exhibited the 

stifidniga|i^ inmtgsaive of all the oeearional ptWoomeeiriiir 
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portion^ or even in some rare conjunctures the whole> of 
its disc is ohsciirech and^ as it were^ obliterated, by the 
superposition of tiiat of the moon, which appears upon 
it as a circularly-terminated black spot, producing a 
temporary diminution of daylight, or even nocturnal 
darkness, so that the stars appear as if at midnight. In 
other cases, when, at the moment that the moon is cen. 
trally superposed on the sun, it so ha]>pen6 that her difr* 
tance from the earth is such as to render her angular 
diameter less than the sun's, the very singular j>he- 
nomenon of tin annular solar eclipse takes place, when 
the edge of the sun appears for a few minutes as a nar. 
row ring of light, projecting on all sides beyond tlie dark 
drcle occupied by the moon in its center. 

('i47*) A solar eclipse can only happen when the sun 
and moon are in conjunction, that is to say, have the 
same, or nearly the same, position in tlic heavens, or the 
same longitude. It will presently he seen that this con- 
dition can only be fulfilled at the time of a new moon, 
though it by no means follows, that at coer// conjunction 
there must be an eclifYse of the sun. If the lunar orbit 
coincided witli the ecliptic, this would be the case, but as 
it is inclined to it at au angle of upwards of 5^, it is evident 
that the coi\junction, or equality of longitudes, may take 
place when tlie moon is in the part of her orbit too re* 
mote firom die ecliptic to permit the discs to meet and 
overlap* It is easy, however, to assign the limits within 
which an eclipse is possible. To this end we must con- 
sider, that, by the effect of parallax, the moon's appa- 
rent edge may be thrown in any direction, according to 
a spectator’s geographical station, by any amount not 
exceeding the horizontal parallax. Now, this comes to 
the samf (so far as the possibility of an eclipse is con- 
' cemed) as if the apparent diameter of the moon, seqp 
from the earth's center, were dilated by twice its hoti- 
aontal parallax ; for if, when so dilated, it can touch or 
overlap the, sun, thm muif^ be an eclipse at some ptrt or 
dtiier of the earl's surfape. If, then, at the momenj^ 
the nearest eoajanotion, the geocentric distance of 
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centers of the two luminaries do not exceed the sum o£ 
their semidiameters and of the moon's horizontal parallax^ 
there will be an eclipse. This sum is^ at its maximum, 
about 1 ° 34' 27". In the spherical triangle S N M, then, 
in wliich 8 is the sun's center, M the moon s, S N the eclip- 
tic, M N the moon's orbit, and N the node, we may sup|H>se 
the angle N S M a right angle, S M = 1 ® 34' 27", and 
the angle M N S ss 5® 8' 48'^ the incUnatioii of tlie orbit. 



Hencg we calculate S N, which comes out 58'. If, 
then, at th<f moment of the new moon, the moon's node 
is fartiicr from the sun in longitude than this limit, 
there can be no eclipse ; if within, there may, and pro- 
bably will, at some part or other of the earth. To ascer- 
tain precisely whether there will or not, and, if there be, 
bow great will be tlie part eclipsed, the solar and lunar 
tables must be consulted, the ]>lBce of the node and the 
semidiameters exactly ascertained, and the local papal- 
lax, and apparent augmentation of the moon's diameter 
due to the did^rence of her distance from the observer 
and from the center of the earth (which may amount 
to a sixtieth part of her horizontal diameter), determined ; 
after which it is easy, from the above considerations, to 
calculate the amount overlapped of the two discs, and 
their moment of contact 

(348.) The calculation of the occultation ipf a star 
depends on similar considerations. An ocedtation is 
possible, when the moon’s course, as eedl from the 
earth's center, carries her within a distance from the 
star equal to the sum of her semidiameter and horiion- 
tal parallax ; and it fsUl huppsa at any parHe^iar spSi,^ 
when her apparent path, as seen firom list spm, curies 
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her center within a distance equal to the sum of her 
augmented semidiameter and actual parallax. The de- 
tails of these calculations^ which are somewhat trouble- 
some, must be sought elsewhere.* 

(34f|.) The phenomenon of a solar eclipse and of on 
occultatiou are highly interesting and instructive in a 
physical point of view. They teach us that the moon 
is an opaque body, terminated by a real and sharply de- 
fined surface intercepting light like a solid. 'I'hey prove 
to us, also, that at those tiroes when we cannot see the 
moon, she really exists, and pursues her course, and tliat 
when we see her only as a crescent, however narrow, 
the whole globular body u there, filling up the deficient 
outline, though unseen. For occultations take place 
indifferently at the dark and bright, the visible and 
invisible outline, whichever happens to he towards the 
<lirection in which the moon is moving ; with this only 
difference, that a star occulted by the brightjlmb,'^f the 
phenomenon be watched with a telescope, gives notice, 
by its gradual approach to the visible edge, when to 
expect its disappearance, while, if occulteil at the dark 
limb, if the moon, at least, be more tlian a few days 
old, it is, as it were, extinguished in mid-air, without 
notice or visible cause for its disappearance, which, as 
it happens imtantaneoualg, and without the slightest 
previous diminution of its light, is always surprising ; 
and, if the star be a large and bright one, even startling 
from its suddenness. The re-appearance of the star, 
too, when the moon has passed over it, takes place in 
those cases when the bright side of the moon is fore- 
most, not at the concave outline of Uie crescent, but 
at the invisible outline of the complete circle, and is 
scarcely l^ss surprising, from its suddenness, than its dis* 
appearsnie m the otliOT ca8e.t 

W(K)dhoatSV Aftnmoiny, voL L SMsIioTniiii Art. Soe vol L |kSBK 
t There to «q <^ical UlinioB of « very rtrenge and uneoeountrtrie nelafto 
which hM often been remarlced in occultatioiie. The iter ofipeen to adU 
vence actually inei, ami vtUUm the eOge et the diac beibre it dUappaatlL 
and that aometiniet Co a conrtdeiaUa depth. 1 have nevev myaolf wtlnemNI 
ttito rtogutor edhet, but tt Tfrta.an mort unequivoad totkmonj, 1 tiaeo 
eattedUaixjpttral ilhuios; tairt R ii Aare/e that a etar mav etolwa 
SO fueh occartoiia thxoitsto deep itomres in toe aubrtanee of the moon, .Ihn 
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• (350.) The existence of the complete circle of the 
disc, even when the moon is not full, does not, however, 
rest only on die evidence of occultations and eclipses. 1 1 
may be smi, when the moon is crescent or waning, a 
few days before ami after the new moon, with the naked 
eye, as a pale, round body, to which the crescent seems 
attached, and soir.ewhat projecting beyond its outline 
(which is an optical illuaum arising from the greater in* 
tensity of its light). The cause of this appearance will 
presently be explained. Meanwhile the fact is suffi- 
cient to show that the moon is not mA/ren/Zv luminous 
like the sun, but that her light is of an adventitious na- 
ture. And its crescent form, increasing regularly from 
a narrow semicircular line to a complete circular disc, 
corresponds to the appearance a glol^' would present, 
one hemisphere of wdiich was black, the other white, 
ivheii differently turned towards the eye, so as to pre- 
sent ft grea^r or less portion of each. The obvious con- 
clu.sior) from this is, that the moon is such globe, one 
half of which is brightened by the rays of some lumi- 
nary sufficiently distant to enlighten the complete hemi* 
sphere, and sufficiently intense .to give it the degree 
of splendour we see. Now, the sun alone is corojictent 
to such an effect. Its distance and light suffice ; and, 
moreover, it is invariably observed that, when a cres- 
cent, the bright edge is towards the sun, and thai'in 
proportion as the moon in her montlily course becomes 
more and more distant from the sun, the breadth of the 
crescent increases, and t^tec versL 

(351.) The sun's distance being ff3984 radii of the 
eai^, and the moon ■ only GO, the former is nearly 
400 times the latter. Lines, therefore, drawn from 
the son to every part of the moon's oMt be re. 




j!S2 A TREATISE Off ASTRONOMY. CHAP. \ttl. 

garded aa parallel. Suppose, now, be the earth, 
A B C D, &c. various positions of the ahifon in its orbit, 
and S the sun, at the vast diaunce abope stated ; as is 
shown, then, in Hie figure, the hemisphere of the lunar 
globe turne<l towards it (on the right) will be bright, the 
opposite dark, wherever it may stand in its orbit. Now, in 
the position A, when in conjunction with the sun, the da^ 
part is entirely turned towards O, and Hie bright from it. 
In this case, Hieii, the moon is not secn^ it is new moon. 
When the moon has come to C, half the bright and half 



the dark hemisphere are presented to O, and the same 
in the opposite situation G: these are the first and 
Hiird quarters of the moon. Lastly, when at £, tlw 
whole bright face is towards the eart^ the whole dark 
side from it, and it is then seen wholly bright or fvU 
m&m, In intermediate positions B D F H, Hie por. 
Hons of iHie bright face presented to O will be at, first 
)e^ than half the visilde surface, then geeater, and 
less again, till it vanishes altogether, aa^ljt comes 


round attia to A, 

(352*1 These monthly changes of appearance, or 
m called, arise, thei^ frm.the moon, 
an opaque illominatedon oS^ aide by the sun, 

and reflec Hih it, in all diiesfiona, a portion of Hie 


/light 80 ] 



Nor left it be Hiotight surprising t^at 
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anTI again illunlEate the earth. It is no more tlian a 
white cloud doeif ' standing off upon the cloar blue sky. 
By day, the moi^ can ha^y be distinguished in bright- 
ness from such a cloud ; and, in the dusk of evenings 
douds eatcliing the last rays of the sun appear with a 
dazzling splendour, not inferior to the seeming brighu 
iifss of the moon at night. That the earth sends also 
such a light to the moon, only probably more powerful 
by reason of its, greater apparent size*, is agreeable to 
optical principles, and explains the appearance of the 
dark portion of the young moon completing its crescent 
(art. S50.). For, when the moon is nearly new to the 
earth, the latter (so to speak) is nearly full to the 
former; it then illuminates its dark half by strdhg 
eurthJight ; and it is a portion of this, reflected bbok 
again, which makes it visible to us in the twilight iky. 
As the moon gains age, the earth offers it a less portiois^ 
of it.f bright iiide, and the phenomenon in question diet 
away. 

(35S.) The lunar month is determined by the recur, 
rence of its phases: it reckons from new moon to new 
moon ; that is, from leaving its conjunction with the 
sun to its return to conjunction. If the sun stood still, 
like a fixed star, the interval between two coDjunc^ons 
would be the same as the period of the moon's ddittdd 
itevolution (art* 999.) ; but, as the sun apparently ad. 
vances in the heavens in the same direction with the 
moon, only slower, Ae latter has more than a complete 
ffidereal period to perform to come up with the sun 
again, and will require for it m longer time, wUMb is Ae 
lunar month, or, as it is generally termed in ytronoiny^ 
t ssmoAcu/ period. The diffbrence is wily 
by considering tliat the 8tt})erfiuous arc (whatever il^be) 
is described by the sou with his vdpiSiy of 1)^*98969 
tferdtem^in the same lime that the moon d w #iibm that 
arc plus a eon^ate revolution, witk^ l^ vdodty of 

* TheamamtCisttivliWor theiooonif UiatartlM 

«vnh se«ii ftmn tho moon i« trice ton or 19 ST. 

eptnievit ai«rca>re,«iest : <31)^ IrmiqiPl nmrljf. 
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19^*17640 pfTdkun; ani]j«^c time » of dcacripuon bclug 
identical^ the spaces m to each otlier in the proportion! 
of the vtlocities * From these data a sLght knou ledge 
of anthmetic a ill suffice to denve the arc in question^ 
and the time of its ch sctiption by tlic moon , nhich, 
being the excess of the k) nocLc over the sidereal period^ 
the former hiU be had^ and will appte to be 29 ^ 12*' 
44'”‘ 2S-87. 

(954 ) Supposing the position of the nodts of the 
moon’s oibit to ])trniit it, whin tin moon stands at A 
(or at the new moon), it wiU intercept a part or the 
whole of the sun’s ra}e, and cause a solar cchpsc On 
the other hand, when at L (or at the full moon), the 
earth O will intercept the rays of the sun, and rrnf a 
aftodofo on die moon, du rtby causing a lunai eclipst 
Attd this is prrlecdy consonant to fact, such edipaes 
never happening but at the exact time of the full moon 
Ilut, what It still more icmarkablc, as con^rmatorv of 
ihe [msition of the cardi*s sphericity, diis shadow, 
which we plainly see to enter upon and^ as it were, tat 
away the chac of the moon, is always terminated by a 
circular oudine, though, fimm the greater etsre of the 
girde, it is only partidly seen al any one tame* tNow, 
a body which always cants a drcular thadow wfuet Uselt 
h^gfifljiierical ' 

$5.) Kclipscs of die »in are best understood by 
regsi:ding the sun and moon as two it»dq|>endeDt lumu 
n&ne^ each moving according laws, and 

irtewad from the earth ; but it is also instructive to con- 
sider eeUpses generally as arising from the shadow of one 
body thrown on another by a huninary much larger than 
eitktr* Suppose, then, A B to represent the son, and 
CD a imhtfical body, whether earth or moon, illu« 
minated ly it If we join and prolong A C, B D ; since 
4 B in bmaier dun C D, these lines win meet in apoint 

and #lw tile min usultfTelodticSi^tlietiipwfluoito arc, than 
+ a a. 1 a, wbeneaah l Os wJ» and * stheUanni 

eaaw|tenff^4nthe^ffRvnce«r tbsiidei^ penoda. WRe 
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lo more orlem dietant from\]Ae bo^ C D; Acd^&ng to 
"'its size, and within dm iqpjMm C £ D (which repreMUts 



a cone, since C D and A B are spheres), there will ” 
fl^total shadow. Tills shadow is called the umbra^ and]; 
a spectator aituated within it can see no part of the suil*i ^ 
disc. Beyond the umbra are two diverging spaces (or 
rather, a portion of a single conical space, having K for 
its vera»), wheit if a spectator be aitoated, as at M, 
he win see a portion only (A O N P) of the ai^ 
surface, the rest (B 0 N P) being obacsired \iy( \ 
earth. wiU, therefore, receive oidy partial i 
and dia more, the nearer he is to the exterior ' 
of that cone which is called the penumbra. 
this be will see the whole sun, and be in full iUuinhU^D* 
All these tdrewuMooes may be perfectly w^ a^wo 
by holding a small g^be up in dm sun, and reo^|||, 

‘ its shadow at difibrent distances on a sheet of psptf « ” 
($56.) In a lunar eclipse (represented in die upper fU 
the moon is seen to enter die 
degrm, get involved in the umbra, the Ibrtoer 
ing die latter like a haze. Owing totbegreat|^of die 
eszlh. the cone of its um^a always ptqje ^ , . 

the nHWfi so tbatj^ if, at the time of theiMiK'^ 
moon's padi be jMmmly directed, it is, 

the ewp^This is not, hower#/dto i 
' ‘ bappans, from die 
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nmiwti dwayi falls near the earthy but sometinies 
atteioc and sometimes falls short of its surface. In the 
former esse (represented in the lower figure), a black spot, 
surrounded bf a fainter shadow^ is formed, l^yond which 
there is no eclipse on any part of the eardi, but within 
which there may be adier a total or partial one, as tlie 
spectator is witliin the umbra or penumbra. When the 
apex of the umbra falls on the surface, the moon at that 
point will appear, fox an instant, to;uat co\er the sun ; 
but, when it falls short, there will be no total eehpse on 
any part of the earth ; but a spectator, situated in or near 
the prolongation of the axis of the cone, will see the 
whole of ihe moon on the sun, although not large enough 
to cover it, t. e. he will witnesb an annular eclipse. 

{357 •) Owing tip a remarkable enough adjustment of 
the periods in ^ich tlie moon’s synodteal revolution, 
and that of hpr nodes, are performed, eclipses return 
after a certain period, ^ery nearly m the same order and 
id the same magnitude. For 828 of the moon’s mean 
synodical revolutions, or lunatwne, a# they are called, 
win be found to occupy 0585*88 days, and nineteen 
complete synodical revolutions of the node to occupy 
6535 '"S. The difference in the mean position of the 
node, then, at the beginniDg and end of 888 lunations, 
is neady insensible ,* so that a recurrence of all eclipses 
within that interval must take place. Accordingly, this 
period of 828 lunations, or eighteen years and ten 
days, is a very important one in the calculation of 
ecUpses. It is supposed to have been known to the 
Chaldeans, under the name of the earot; the regular 
return of eclipses having been known aa a physical fact 
for ages before their exact theory was underst^. 

(358.), The commencement, duimtion, and magnitude 
of a iunaf eclipee aw roudi more easily calculate than 
those of a stSar, being ind^ndent of the position of the 
spectator on the eai^’i surface, and tl^ same as if 
viewed froim its center. The common center of jflte 
umbra a\d penumbra lies always in the ecliptic, 
point qipobite to the sun and the path described by Aa 
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moon in pasting 
at tbe moment 
sition^ at every 
andephemeria; and 
the nwmen^ $thm 
and the center of 
snm of the 
or of the moon and 
and leaves them 

{S5d.) The 
wher# it crosses the 
the distances of the sun and 
are variable; but are calculated 
tlieir semidiameters, for every 
that none of the data are want 
18 easOy calculated from its elliptic 
is scatter of more difficulty, for a 
explain. * 

(360.) The moon's orbit, as we have before, 
is not, strictly inking, an ellipse returning into 
by reason of the variation of the plane in which it lies, 
and the motion of its nodes. But even laying aside tins 
consideration, the axis of the ellipse is itself constantly 
changing its direction in space, as has been already 
stated of the solar ellipse, hut much more mpidly; 
making a complete revolution, in the same direction 
with moon's own motion, in 3232^5753 mean solar 
days, or about nine years, being about 3^ of angular 
motion in a whole revolution of the moon. This is 
the phenomenon known by the name of the revolution 
of the moon 8 ajtsides. Its cause will be hereafter 
explained. Its immediate efihet is to produce a variation 
In the moon's distance from the earth, whkdi is uot 
induded in die laws of exact eHipUc modom *!ln a 
revohition of the moon, diis vai^don of mfeanee io tri- 
fling ; but in the course of many it becomes coDridmble, as 
Is <^y seen, if we consider that in four jllm and a half 
th^'poritioii of the axis will be completrif ^fiM^ and 
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!l occur where the perigee 
OCCUK90 Detore. ^ ■ 

f ( 561 .) be«t w«y iliftinct conception of 

the moon's moii^n ik* to regard it as describing an ellipse 
about the earth i.i the focus, and, at the same time, to 
^e^vard this ellif^se itself to bc«n a twofold state of re-* 
volution ; in by a continual advance 

^irs axis in tlia^flSPI; and 2d]y, by a continual 
of itself, exactly similar to, but 


much iM 
.duccd^jHI 
'art. 

liiown to 1 


5 rUpid iMil^ tAat of the earth's equator pro- 
jjhc GO^ji^. motion of its axis described in 


constitution of the moon is better 
liiown tof^ban thit of any other heavenly body. By 
aid o{^j|^scoi)es, wc discern inequalities in its surface 
no other than mountains and valleys,-*** for 
reaso^ that wUMee the shadows cast by the 
formi^&dle.mct propqpton as to^length which they 
when we take Into account the inclination 
of rays to tliat part of the moons surface on 

ivhjMHhcy sCahd. The convex outline of tlie limb turned 
sun is always circular, and »very nearly 
sriSBSPT hut tlic opposite border of the enlightened port, 
whicli (were the moon a perfect sphere) ought to ^ an’ 
exact and sluirply defined ellipse, is always observed tU 
be extremdy rag^, and indented with deep recesses and 
prominent points. The mountains near this edge cast 
long black shadows, as they should evidently do, when 
we consider that the sun is in the act of ridng or setting 
to tha parts of the moon so circumstanced- But as the 
inlightencd edge advances beyond &em, i. e. as tihewn 
to them gains altitude, their shadows ^rten; and at 
the fun ituon, when atl die light falb in our line of 


sight, no sky^dowa are seen on emy part of her surface. . 
F^m micrometrieil mei^mres bt me lengths of ^ 
diadowB of many of die more conspicuous inottntgin)[f,\ 
takmi under <die most fhvmiralde circumstan^ 
heights of many of them have bm calculate^^^ 
being about 1} djBwin 


tBA9. COKPlTKlir At ^ ttOOH. ^9 

altitude. The fexiateaee df mdl juomitailka la eoyl^ 
borated by their appearance as snisfi points or islands of 
light bcyohd the extreme edge of the euli^tened part, 
svhieh are their tops catchirig the sun-beams before the 
intermediate* plain, and 'which, as the light advances, 
at length connect themselyes with it, and qipear as pro., 
mineoces from the general edge. 

(S63.) The generality of the lunar mountains present 
a striking uniformity and singularity of aspect. They 
are won^rfuUy numerous, orenipjing by far tlie larger 
portion of the tnirface, and almost uidversaliy an ex- 
actly circular or cup-shaped form, foresborteited, how- 
ever, into ellipses towards the liipb; but the larger 
have for the most pait flat hbttoma within, from wlueh 
rises centrally a smidl, steep, conical hill. They oflcT, 
in short, in its highest perfection, the true iolean^ 
character, as it may be seen in the crater of Vesuvius, 
and^n a snap of &Ui volcanjc diBtnct«,i^ the Caftmi 
Phlegnei^ or the Puy de Dditie. And in some'Sil ihe 
principal ones, decisive marks of volcanic stratification, 
arising from auccesatve deposits ol ejected mattaf, may 
be clearly traced with powerful telescopes, f 9M| {"b 
moreover, ealremely singular in the geology of twymufli 
is, that although nothing having the character Of* seas 
can be traced, (for the dusky spots which are commonly 
called aeaa, when closely examined, present appearances 
inewpatible with the supposition of deep water,) yet 
there are large regions x^fectly level, and appaieim)|; 
of a decided alluvial character. 

(364.) The moon has no clouds, nor any other indi* 
callaiis of an atmosphere. Were there any, it could not 
fail^ he perceived in the occultatlons of stars and 
fkmBummit of edar eeUpses, Hence itt chgiata must 
be Very extraoe^nary ; the dfemation beij% diaa of 
unmitigated and burning ammhine fiereer tttm anegiia- 
lorfal nooiif confinned for a whole and die 

• 

Jj^BNdmvnspsribssBvifpiiier ns|pl«a sa4|Mu|siit^«r as- 
jwr a w . 
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keenest seveirity of frost, far ci:cecding that of our polar 
winters, for an equal time. Such a di^Kwition of tUngs 
roust produce a constant transfer of whatever moisture 
may exist on its surface, from the |)oint beneath the sun 
CO that opposite, by distillation in vacuo after the roan* 
ner of the little instrument called a eryt^horuo* The 
consequence must be absolute aridity below the vertical 
sun, constant accretion of boar frost in the opposite re* 
gion, and, perhaps, a narrow zone of running water at 
the borders of the enlightened hemisphere. It is pos. 
siblc, then, that evaporation on the one hand, and con- 
densation on the other, may to a certain extent preserve 
an equilibrium of temperature, and mitigate the extreme 
severity of both climates. 

(.^65.) A circle of one second in diameter, as seen 
from the earth, on the surface of the moon, contains 
about a square mile. Telescopes, therefore, must yet 
he greatly improved, before we could expect to see signs 
of inhabitants, as manifested by edifices or by changes 
on the surface of the soil. It should, however, he ob- 
served, that, owing to the small density of the materials 
of the moon, and the comparatively feeble pavitation of 
bodies Oh her surface, muscular force would there go six 
^tiihei as far in overcoming the weight of materials as on 
Owing to Ao want of air, howevor, it seems 
tliat any fimn of life analogous to those ou 
eaith subsist there. No appearance indlcaling 
^regetalM, or the slightest variation of surfaee which 
can failffy he ascribed to change of season, can any where 
he diseemed. 

(866.) The lunar summer and winter arise, in fact, 
from the rotation of the moon on its own axis, the 
period of ]fhidi rotation ta oxaetly equal to its aideiCsl 
revohitioif about the earth,, and is pe^rmed in a plane 

80^ 1 1'' inclined to the e^ptic, and therefore nearly 
coincident with her own orUt Tlds u the cause why 
we slwa]in sen the ssnte fhee of the moon, and have no 
Imowled^ of f&e other side. This remarkable coin* 
ofdeaqe of two periods, whidi at first right would aecm 
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perfectly diaUnist, is said to be a consequence of the 
general laws to be explained hereafter. 

(307* ) The moon's rotauon on her axis is unifotm , 
but smee htr motion in her orbit (like that of the sun) 
is not so, we are eiiabiid to look a few degrees round 
the equatorial parts of her visible border, on the eastern 
or western side, according to circumstances , or, in othet 
words, the hne joining the anters of tlie eartli and moon 
fluctuates a little m its jxisition, from its mean or aver, 
age intersection with her surface, to the east or west- 
ward. And, moreover, since the axis about which she 
retolves is not exactly perpendicular to her orbit, her 
poles come alternately into view for a small space at 
the edges of her disc These phenomena are known by 
the name of hbratwns In tonsequenco of these two 
distinct kinds of hbration, the same identical point of 
the moon's surface is not ^ways the tenter of her disc, 
and*we therefore get sight of a /one of a few degrees 
in breadth on all sides of the border, beyond an exact 
hemisphere. 

(368 ) If there be inhabitants in the moon, the eanli 
must present to them the extraordinary appearance of a 
moon of nearly 2^ in diameter, exhibiung the aame 
phases as we see the moon to do, hut tmmMably fiec^d 
in iheir sAp, (or, at least, changing its apparent plaee 
only by the small amount of the hbration,) while the 
•tars must seem to pass slowly beside and behind it. It 
will appear clouded with vamble spots, and bdied with 
equator^ and tropical cones oorreaponding to onr trade, 
winds; and it may be doubted whether, in thmr per* 
petiial change, the outhnea of our eontinents and seas 
east ever be dearly disoemecL 
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jtorce to put matter in motion^ or to oppose and neu- 
tralize force, which giyea us this internid conviction of 
povrr |md causation so far as it refers to tlie material 
world, and compels us to believe that whenever we see 
material objects put in motion from a state of rest,, or 
dcHectcd from their rectilinear paths, and changed in 
their velocities if already in motion, it is in conse- 
quence of such an effokt sfmeh&w exerteil, thougli 
not accompanied with our consciousness. I'hat such 
an eifort should be exerted wjtli success tlirougb an 
interposed space, is no more difficult to conceive, than 
that OUT hand should communicate motion to a stone, 
witli which it is damoruitrably nut in contact. 

All Itodies with wdiich we are acquainted, 
when raised into the air and quietly abandoned, descend 
to the earth's surface in lines ]>er]^n(licular to it. They 
are therefore urged thereto by a force or effort, the 
direct or indirect result of a comdouHncM and a mii 
existing somewhere^ though beyond our power to trace, 
which force we term gracii^f; and whose tendency or di- 
rection, as universal experience teaches, is towards the 
earth s center ; or rather, to speak strictly, with reference 
to its spheroidal figure, perpendicular to the surfqisftiiff 
still water. But if we cast a body obliquely into the air, 
this tendency, though not extinguished or fUminjuihed^ 
is materially modified in its ultimate effect. The npWMkt 
iihpetus wc give tlte stone is, it is true, after a tiin^ 
destroyed, and a downward one communicated to it, 
which ultimately brings it to the aarfaoe, where it ia 
opposed in its further progress, and brought to lect* 
But all the while it has been continually deflected or 

B from its rectilinear progress, and made to 
curved line concave to the eaitl^s center ; 

; a highest goint, verte/e, to opqpB^ |Uii at the 
n its Of^ where die direct AT ila motion 
euisr IMDU radius. 

SVlien die stone which we fliiigd>Uiq;iiaiy up- 
land is stopped in its desoeut by North's 
iinikee, its motion is not totsartii the cantor, bat isdBned 
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to the earth's radius at the same angle as when it quitted 
our hand. As we are sure that^ if not stopped by the 
resistance of the earth, it would continue to descepd, and 
that obliquely, what presumption, we may ask, is there 
that it would ever reach the center, to which its motion, 
in no part of its visible course, was ever directed ? Wliat 
reason have we to believe that it might not rather circu- 
late round it, as the moon does round the earth, return- 
ing again to the ]K)int it set out from, after completing 
an ^ptic orbit of wliidi tbe center occupies the lower 
fooua ? And if so, is it not reasonable to imagine tliat 
the siiiie force of gravity may (since wc know that it 
ia exerted at all accessible heights above the surface, 
and even in the highest regions of the atmosphere) ex- 
tend as far as 60 radii of ^e earth, or to the moon ? 
and may not this be the power,— for aome poivcr there 
muot be,— which deflects her at every instant from tlie 
tangent of her orbit, and keeps her in the eKIptic path 
which experience teaches us she actually pursues ? 

(373.) If aatonebewhirledroundattheendof astring, 
it will stretch the string by a centrifugal force which, 
if the speed of rotation be sufficiently increased, will at 
ki^di break the string, and let the stone escape. How- 
ever strong the string, it may, by a sufficient rotatory 
the atone, be brought to the utmost tension 
^P^mp^^ithout breaking; and if we know what 
ef carrying, the velocity necessary 
liM^nyi^^^^l^rpose is easily calculated. Suppose, now, a 
string to connect the earth's center, with a weight at its 
muUee, whose strength should be just sufficient to sustain 
AaC weight suspended from it. Let us, however, for a 
mmnent imagine grivity to have no existence, and tlnit 
the weighs made to revolve wiA the limiiing oeiooitg 
whiA UuSt atring can barriy counteract ; them wSl its 
taomon be jAt equal to Ae wsightof Ac amlvu]^ body; 
^ power wrhiA Aorid conAmatty urge Ae 
towards Ae neuter wiA qkibree equal to its 
would pa$»rm Aeoffiw^ snpply Ae flaoiif 

♦SssCtUCtc. WaiiiBlIptAis vVk 
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the strings if divided. Divide it then, and In its place 
let gravity act, and the body will drculate as before ; its 
• tendency to the center, or might, being just balanced 
by its cenfiifhgal force. Knowing the radius of the 
earth, we can. calculate the periodical time in which a 
body so balanced roust circulate to keep it op ; and this 
appears to lie 1*^ 2S*“ 22*. 

(37^,) If we make the same calculation for a body at 
the distance of the moon, mppoaing it9 weight or gravitg 
the eamn an at the earth's surface, we shall find the period 
required to be 10** 45*" 30. The actual period of the 
moon’s revolution, however, is 27** 7** 4S« ; and hence 
it is clear that the moon’s velocity is not nearly suf- 
ficient to sustain it against suck a power, supposing 
it to revolve in a circle, or neglecting (for the present) 
tlie slight ellipticity of its orbit. In order that a body 
at tl\p distance of the moon (or the moon itself) shmild 
be capablS of keeping its distance from the earth by 
the outward effort of its centrifugal force, whik y« 
its time of revolution should be what the moon’s ac- 


tually is, it will appear (on executing the calculation 
fh>m the principles laid down in Cab. Cyc. Msghawics) 


that gravity, instead of being as Intense as at die 
surface, would require to be very nearly 86Qp Urocs 
less energetic; or, in other wor^, that “ 
is so enfeebled by the remoteness of the 
it acts, as to be capable of producing in it; 
time, only {mrt of the motion vrhiMM 

fmpart to the same mass of matter at theeaidi^siiisflMih; 

($75.) The distance of the moon from the eartttk 
center is somewhat less than sixty ttmea the distance fiMm 
the center to the surface, and 8600 : 1 : : 60^ : 


that the proportion in which we must admi^the wdi% 
gratity to be enfeebled at die moon’s dudrafe, if it be 
the fbroe uAich retains the moon in her erU^ 
fiMk be (at least in this psrdenlar inetanoe) that of dm 
jilllMew of the distance Nw, 

ih fedfe a dfaninution of amugy wife incanaee ^ dist^^ 


there is iiothmg|iriiiidj|teis hiadmiiidile. . Emanations 
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from a eenterj such as light and heat^ do really dimiBiMh 
in intensity by increase of distance^ and in this identical 
proportion ; and though we cannot certainly argue much 
from thia analogy, yet we do see that the power of 
magnetic and electric attractions and repulsions is ac. 
toally eni^bled by distance, and much more rapidly 
than in die simple proportion of the increased distances. 
The argument, therefore, sunds thus : — On the one 
hand. Gravity is a real power, of whose agency we have 
daily experience. We know that it extends to the 
greatest accessible heights, and far beyond ; and wc see 
no reason for drawing a line at any particular height, 
and there asserting that it must cease entirely ; though 
we have analogies to lead us to suppose its energy may 
diminish rapidly as we ascend to great heights from die 
surface, such as that of the moon. On the other hand, 
we are sore the moon ia urged towards the earth by 
aome power which retains her in her orbit, ami that the 
intensity of this power is such as would correspond to a 
diminished gravity, in the proportion, — otherwise not 
improbable, — of the squares of the distances. If gravity 
be mt that power, there roust exist some other ; and, 
besides this, gravity must cease at some inferior level, 
Or the nature of the moon mast be diderent from that 
of jpowitoli^e matter ; — for if not, it would be urged by 
and therefore too much urged, and toced 
inwitdi' Alte her path. 

(S76.) It is on such an argument that Newton is un- 
derstood to have rested, in the first instance, and pro- 
visionally, his law of universal gravitation, which may 
be dins abttracdy stated : — ** Every particle of matter 
in die universe attracts every other particle, with a force 
Mre^ p|Opordoned to the mass of the attracting 
'tide, a&4 inverady to the square of the disunoe 
them." In this abstract and general form, 
the proposition ia not applicable tu the case 
^ us. The earth and moon are not mere parUdi^^ 
it%pherical bodiei, and to such the general law 
not immediately iq)|dy ; and, before we can make 
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it applicable, it becomes neoessaiy to enquire wiB 
be the force \vith which a congeries of partiekm, con* 
stituting a solid mass of any assigned figure, will attract 
another such collection of material atoms. This problem 
is one purely dynamical, and, in its general form, is of 
extreme difficulty. Fortunately, however, for human 
knowledge, wlicn the attracting and attract^ bodies are 
spheres, it admits of an easy and direct solution, Newton 
hinusdf has shown (Princip. b. L prop. 75*) that, in that 
case, tlie attraction is precisely tlie same as if the whole 
matter of each sphere were collected into its center, and 
the spheres were single particles there placed ; so that, 
in this case, the general law apjdies in its strict wording, 
'rhe edect of the trifling deviation of the earth from a 
spherical form is of too minute an order to need 
attention at present. It is, however, perceptible, and 
may^be hereafter noticed. 

Newtonian argument is 
one which divests the law of gravitation of its provisional 
character, as derived from a loose and superficial con* 
sicieration of the lunar orbit as a circle dwribed with 
an average or mean velocity, and elevates it to the rank 
of a general and primordial relation, by proving its ap* 
plicahility to tlie state of existing nature in tU its detail 
of cLrcuinstances. This step consists in deimpiia|||^ng^ 
08 he has done * {Princip. i.l 7*> i- 750* 
fluence of such an attractive force mutuallyiill||p^ 
spherical gravitating bodies towards each otto, they 
will each, when moring in each other's neighbourhood, 
be deflected into an orbit concave towards otto^ 
and describe, one about the otto regarded ag; fixed, or 
both round their common center of gravity, coma 
whose forms are limited to those figures glmom in 
geometry by ^ general name of conic |edkiona. It 

* We nAr for thne AmdenentaJ prepoiitionf* it • soiDt4»r dotv* to the 
InuBeitO worS in which they were fint HOpounM it t» InpoitfUt Anr 
mtothAwSiinw togolntotheieiDvettisitlom: mnigd our hmiitjwi^ 
net ti would he utterfr iiiconitilent «tth our lifaiD } a seom Idea, however, 
ormroonluetwUbeilve&tatlieneUfdM|d«a 0 
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will depffnd^ he i^ows, in any aaaigned caie, upon the 
partiGiilir Gircumstanccft of velocity^ distance^ and di« 
rection* which of these curves ahidl be described^-— 
whether an ellipae^ a circle, a parabola, or an hyper* 
bolt ; hut one or other it mutd ht; and any one of any 
degree of eccentricity it may he, according to the dr* 
cumatances of the case ; and, in all cases, the point to 
which the motion is referred, whether it be the center 
of one of the spheres, or their common center of gravity> 
will of necessity be ilte/ocue of the conic section described. 
He shows, furthtTmore {Princip. i. 1 .), that, in every 
case, the angular velomty with which the line joining 
tlieir centers moves, roust be inversely proportional to 
the square of their mutual distance, and diat equal areas 
of the curves described will be swept over by tlieir line 
of junction in equal times. 

(378.) All this is in conformity with what we have 
stated of the solar and lunar movements. l\ieir orbits 
are ellipses, but of different degrees of eccentricity ; 
and this drcumstance already indicates tlic general ap- 
plicability of the principles in question. 

(3790 already, by a natural and 

ready implication (such is always the progress of gene- 
ralisation), taken a further and most important step, 
almost iinperceived. We have extended the action of 
gcavity iodre case of the earth and sun, to a distance 
imroenady greater than that of the moon, and to a 
body fl^parentily quite of a different nature from either. 
Are* we justified in this ? or, at all events, are them no 
modific^ns introtluced by the change of data, if not 
into theSneral expression, at least into the particular 
interpremon, of the law of gravitation? Now, the 
moment w;^ come to numbers, an obvious incongruity 
strikes uffi ^Wben we calculate, as alwve, from the 
known distance of the son (art304.),^afid from the 
period in which the earth cin^tes about it (art. 327*h 
what must be riie centrifugal force of the latter by 
whldi the«mn 8 attraction is bdanced, (and which, there* 
lbi«^ bepomes an exact measure of the sun s attractive 
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energy ei exerted <m the earth,) we ind it to'he im* 
mensely greater than would suffice to counteract the 
earth's attraction on an equal body at that distance*— 
greater in the high proportion of 354^36 to 1. It is 
dear, then, that if the earth be retained in its orbit 
about the sun by solar attraction^ conformable in its 
rate of diminution with the general law, this force must 
be no less than ^54936* times more intense than what 
the earth would be capable of exerting, aeteris paribus, 
at an equal distance. 

(380.) \V|^, then, are we to understand from this 
result? Sinmk^is, — that the sun attracts as a col- 
lection of 3£ti|^ earths occupying its place would do, 
or, in other words, that tlie sun contains 354936 times 
the mass or quantity of ponderable matter that tlii; 
earth consists of. Nor let tins conclasion startle us. 
We ^ave ouly to recall what has been already shown in 
art. 305. 8f the gigantic dimensions of ihk magni* 
hcent boily, to perceive that, in assigning to it so vast 
a mass, we are not outstepping a reasonable pro}iortioti. 
In fact, when we come to compare its mass with ita 
bulk, we find its density* to Ite less than that of the 
ear^, being no more than 0'^^543. tk> that it must 
consist, in reality, of far lighter materials, espedallir 
when we consider the. force under which its central 
parts must be condensed. This consideration rendem 
it highly probable that an intense heat prevafls in its 
interior, by which its elasticity is reinfor^, and len- 
dered capable of resisting this almost inconceivable 
pressure without collapsing into smaller dimei^fdcdDe. 

(381.) This will be more distinctly appnii^ated, if 
we estimate, as we are now prepared to do, the intensity 
of gravity at the sun s surface. • 

The attraction of a sphere bang the saiii| (kt. 3761) 
as if ill whole mass were collected in its center, will, of 
^Kmrp, he proportional to the mass directly, and tlie 
'ife- • 

or a materia] body it aatlw m<M«41t«ctlr, ant the naumc 
iafiiae<yshemd«DiiCritf0;dSBrityor^;: 
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square of the dibtance Inversely ; anil^ in this case^ the 
distance is the radius of the sphere. Hence we con» 
dude*, that the intensities of solar and terrestrial gra* 
Pity at the surfaces of the two globes are in the proper, 
tions of 27 *f) to 1. A pound of terrestrial matter at the 
sun's surface^ then, would t\ert a pressure equal to what 
27*9 such }Kmnds would do at the earth s. An ordinary 
man, for example, would not only be unable to sustain 
his own wdght on the sun, but would literally be crushed 
to atoms under the loaii.t 

(382.) Henceforward, then, we must consent to 
dismiss all idea of the caitlis immobility, and transfer 
tliat attribute to the sun, whose ponderous mass iff eaU 
culated to exhaust the feeble atti actions of such Com- 
parative atoms as the eardi and moon, without being 
perceptibly dragged from its place. Their ceiiteir ot 
gravity lies, as we have already hinted, almost close to 
the center of the solar globe, at an interval quite im* 
perceptible from our di<«tance; and whetlier we regard 
the earth^s orbit as being pci formed about the one or 
the other center makes no appreciable difference in any 
one phenomenon of astromnny. * 

(383.) It IS in consequence of the mutual grawi* 
tation of all the several paits of matter, which the New. 
toniai) law supposes, that the earth and moon, wliile in 
the act of i evolving, monthly, in tlieir mutual orbits 
about their common center of gravity, yet continue to 
circulate, without parting company, iq a greater annual 
orbit round the sun. M'e may conceive this motion by 
connecting two unequal balls by a stick, which, at their 
center of gravity, is tied by a long string, and whirled 
round. Their joint will circulate as one body 

about tbdicommon center to which die string is attached, 
while yef they may go on circulating round each odier 
in subordinate gyrations, as if die stick were quits fkee 

. Sol« emwtrul 

•pcctjve raiOi of mn nd f*ith Iwins 440000, add MOlrMSfn* 

t A mats \«A>ghlnir 19 ttoocor on the earth, wuttM produodd 

of tGOOiba. oo the tun. 



dfi. Vlf. 


Ut 


DmVMAffpS OP THB MOmV B 

iit>in any such tie, and merely hurled through^the air. 
If the earth alone, and not the moon, gravitated to the 
aun, it would be dragged away, and Wve the mm be- 
hind — and vire vemi ; but, acting on both, they eoat 
tinue together under its attraction, just as the loom parts 
of the earth's surface continue to rest upon it It ia» 
then, in strictness, not the earth or die moon which 
describes an ellipse around the sun, but tlieir common 
center of gravity. The effect is to produce a small, 
but very fK^rceptible, monthly equation in the sun'ii ap- 
parent motion as seen from the eartli, which is dways 
tahen into account in calculating tlic sun's place. 

42 ^.) And here, «. e. in the attraction of the sun, 
the key to all tliose difierenccs from an exact 
olliptfc movement of the moon in her monthly orbit, 
whith we have already noticed (arts. ^44. 360,), via. 
4ft |lie retrograde revolution of her nodes ; to the difeftt 
^ eilifturatioi^ of the axis of her ellipse; and to all tbft 
odUcr deviations from the laws of elliptic modou- lt 
which we have further hinted. If the moim uni|dy 
revolved about the earth under the indueuce its 

S vity, none of these phenomena would take place. Its 
It would be a perfect ellipse, returning into itself, and 
always lying in one and the same plane : that it is not 
so, is a proof that some cause disturbs it, and intei^tfl«o:> 
with the earth's attraction ; and this cause is no other 
than the sun's attraction — or rallier, that psirt of it 
which is not equally exerted on tlic earth. 

(.S8.5.) Suppose two stones, side by 8i<lc, or other* 
wise situated with respect to each other, to lie let fall 
together ; then, as gravity accelerates them equally, 
they will retain their relive positions, and fall to* 
gether as if they formed one mass. Bu^ suppose 
gmvity ito be rather more intensely exerted ^1>ne than 
the <hen would that one be rather more acceler. 

atad would gradually leave the other : 

Mid 4liii^llMive motion between tbeim would arise 
! of action, however slight. • 
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( 3861 ) The sun is about 400 tunes more remote 
than the moon , anil, in consequence, while the moon 
describes her monthly orbit round the earth, her distance 
from the Min is alternately ^Aftth part (greater and as 
much less than the earth's. Snull as this is, it is yet 
sufficient to jirodiice a perceptible excess of attractive 
tendeni y of the moon tow ards the sun, above that of 



the earth when in the nearer point of her oibit, M, and 
a correspondinp: defect on tlit opposite pari, N , and, in 
the intermediate positions, not only will a difltrenco of 
faroeh subsist, but a diffircnce of ditedtons also, aincc, 
^tMpIrcver small the lunar orbit M N, it is not a jmnt, 
itadj therefore, the lines drawn from the sun j to its se- 
^teral pai ts cannot he regarded as strictly parallel. 1 f , as 
we have already seen, the forte of the sun were equally 
exerted, and in parallel dircetionson both,nodibturban(e 
of their relative situations would take place , but from 
the non-\criflcation of thest^ conditions aiises a die* 
iurhmg force, oblique to the hue )omiiig the moon and 
earth, which in some situations acts to arcelerate, in 
others to retard, lier clhptic orbitual motion ; in some 
to draw the eartli from the moon, in others the moon 
from the earth. Again, the lunar orbit, though very 
nearly, is yet not quitt coincident with the plane of the 
ecliptic , and hence tlie action of tlie sun, which is >ery 
nearly parallel to the lasumentioned plane, tends to 
draw her somewhat out of the plane of her orbit, and 
does actqally do so — producing the reiolution of her 
nodes, abd^ other phenomena less striking. We are 
not yet prepared to go into the subject of these jper. 
hirhattons, as they are called; but they ai» introduced 
to the readev^’s notice as early as possiblq^ far the pur- 
pose of T -assunng his mind, should doubts have ansen 
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as to the logical correctness of our argument^ m conse- 
quence of our temporary n^lect of them while working 
our way upward to the law of gravity from a general 
consideration of die moon*s orbit. 


CHAP. VIIl. 

OF THE SOLAR SYSTEM. 

ArPARtNT MOTIONS OK THF. PLAKKTh. — TIIKIS STATIONS AND 
aRTHOGRAIlATIONS. — THE SUN THriK NATURAL CKNTER OP 

MOTION. -—INFERIOR 1‘LAKRTS. TIIKIR FIIAKXS, rKRlOUSi 

ETC. DIMENSIONS AM> FORM OF TJi K1 A ORH ITS. — TRANSITS 

ACROSS THE SUN.— SI.'FKttlOR KLANFi'S. — TliriR DISTANCq^. 
Timjons* KTC’.— KEM.FR’s laws and their INTXRrKnATii|F« 

— ELLirifC ELEMENTS OF A TLANET's ORAIT. ITS HSUO-^ 

CENTRIC AND OEOCRKTRIC PLACE. — HODS’s LAW OF TLAlffETART^ 
DISTANCES. — THF. FOUR CLTHA-ZODIACAl. PLANETS.— I'UYSlCAl 
PECLLlAaiTlKS OBSERVABLE IN EACH OP THE PLANBTS* 

(387-) The sun and moon are not die only celestial 
objects which appear to have a motion independent of 
that by which the great consteUation of die heavens is 
daily carried round the earth. Among the stars there 
are several, — and those among die briglitest and most 
conspicuous, — which, when attentively watched frfim 
night to night, are found to change their relative situ- 
ations among the rest ; some rapidly, others much 
more slowly. These are called pfaneU, Four of them, 
— Venus. Mars, Jupiter, and Saturn, — are remark, 
ably large and brilliant ; another, Mercuity, is also visible 
to the naked eye as a large star, but, for a reason which 
will presendy appear, is seldom conspicuotgi ; a fifth, 
Uranus, is barely discernible without a telescope ; and four 
others, Pallas, Vesta, and Juno, — are never 
visible to die naked eye. Besides these tell, others yet 
undiscoveined may exist ; and it is cxtremdy^Vohahle 
that such is the case, — the multitude of telescopic stars 

B 2 
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being A great that only a small fraction of their num- 
ber has Yiccn sufficiently noticed to ascertain whether 
they retain the same plan's or not, and the five lasu 
inentioncMl planets having all been discovered within 
half a century from the pres(‘nt time. 

(.388.) The apparent motions of the planets arc much 
more irregular than those of the sun or moon. Gene- 
rally speaking, and coniparing their places at distant 
times, they all ailvance, llimigli with very different 
overage or mean velocities, in the same direction as 
those lumin, tries, i. e, in opposition to the i^porent 
diurnal motion, or from w'cst to east : all of them make 
the entire tour of the heavens, thi>ugh under very dif- 
ferent circumstancos ; and all of them, with the excep- 
tion of the four telescopic planets, — f'eres, Pallas, Juno, 
and Vesta (which inuy therefore Iw termed vltra-xn. 

are confined in their visible paths within xery 
narrow' limits on either side the ecliptie, awd perform 
their moveinonts within that zone of the heavens we 
have called, above, the Zodiac (art. 

(.‘58})*) The obvious eoiicluKion from this is, that what- 
ever Ik*, otherwise, the nature and law of their motions, 
they are all performed umrlg in the plane of the eviiptic, 
^ that plane, namely, in wliich our own motion about 
tile sun is ptTformed. Hence it follows, tliat we see 
their evolutions, not in p/on, but in section ; their real 
angular movements and linear distances being all fore* 
fthivrtened and confounded undistinguishably, while only 
their deviations from the ecliptic appear of their natural 
magnitude, undiminished by the effect of perspective. 

(3()t).) The apparent motions of the sun and moon, 
though not unifonti, do not deviate very greatly from 
unifomiily ; a moderate acceleration and retardation, 
arcountiA)!^ for by the ellipticity of their orbits, being 
all that is remarked. But the case is widely difierent 
with the planets : sometimes they advance rapidly ; 
^en relax in their apparent 8|>eed — come to a moment* 
ary stopr, and then actually reverse their motion, and 
run back uiion their fmrmer course, with a rapidity at 
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first increasing, then diminishing, till the reverRpd or 
retrograde motion ceases altogether. Another fitatiun^ or 
moment of apparent rc*st or indecision, now takes place ; 
after which the movement is again reversed, and re- 
sumes its original direct character. (^u the whole, 
however, the amount of direct motion mure than com- 
pensates the, retrograde ; and by the excess of the former 
over the latter, llie gradual advance of the planet from 
west to east is maintaiiu d. Thus, KU)>posing the Zodiac 
to be unbdiled into a plane surface, (or represeiitetl as 
in .Mercator's projection, art. ‘i.’l*!*., taking tin* ecliptic 
K C for its ground line,) the track of a plaiu‘t, when 
mapjicd down by observation from day to day, will offer 



the appearance P Q R S, &c. ; the motion from P to Q 
being direct, at Q stationary, from to U retrograde, 
at R again stationary, from R to S direct, and so on. 

(3.91 .) In the midst of the irregularity and fluctuation 
of this motion, one remarkable feature of uniformity is 
observed. ‘Whenever the planet crosses the ec!if»tic, as 
at N in die figure, it is said (like the moon) to be in 
its node ; and aa the earth necessarily licsi in die plane of 
the ecliptic, die planet cannot be npfmreniijjf or u tumu 
graphicaUy situated in the celestial circle so called, with- 
out being really and Utcally situated in that plane. Tiie 
visible passage of a planet dirough its node, then, is a 
phenomenon indicative of a circumsunce in its real mo- 
tion quite independent of the station from which we view 
it. Now, it is easy to ascertain, by oliservaiiop, when a 
{danct passes from the north to the south siie of the 
ecliptic: we have only to convert its right ascensions 
and decUnadoiui into longitudes and latitudes, and the 
chaDge from north to aouth latitude on t%o successive 
days will advertise us on what day the transition took 
pl^ ; while a simple proportion, grounded on the oh* 
served state of its motion in latitude in the interval, 
n 3 
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iirill suffice to fix the precise hour and minute of its 
arrival on the ecliptic. Now, this being done for several 
transitions from side to side of the ecliptic, and their 
dates thereby fixwl, we find, universally, that the in- 
terval of time elapsing l)etwcen the successive }>assages 
of each planet through the same node (whether it be the 
ascending or the descending) is always alike, whether 
the planet at the moment of such passage be direct or 
retrograde, swift or slow', in its apparent movement. 

(3f)*J.) Here, then, we ha\e a circumstance which, 
while it show's that the motions of the planets are in fact 
subject to certain la^vs and fixed periods, may lead us 
very naturally to suspect that the apparent irregularities 
and complexities of their movements may be owing to 
our not seeing them from their natural ctMiter (art.^Hf).), 
and from our mixing up with their owm proper motions 
movements of a parallactic kind, due to our own change 
of place, in virtue of the orbitual motion of the earth 
about the sun. 

If we abandon the earth as a center of the pla- ^ 
nctary motions, it cannot admit of a moment's hesitation 
w'hcre w'o should place that center with the greatest 
probability of truth. It must surely be the sun which 
is entitled to the first trial, as a station to which to refer 
them. If it lie not connected with them by any phy. 
aical relation, it at least jiossesses the advantage/ which 
the earth does not, of comparative immobility. But 
after what has been shown in art. 380., of the immense 
mass of that luminary, and of the office it performs to 
us as a quiescent center of our orbitual motion, nothing 
can be more natural than to suppose it may ]icrform the 
same to other globes which, like the earth, may be re. ^ 
volving liiund it ; and these globes may be visible to us 
by its lighf reflected from them, as the moon is. Now 
there are many facts which give a strong support to the 
idea that the planets are in this predicament. 

(3.94.) In the first place, the planets really are great 
globes, of a sice commensurate witli the earth, and 
several of tliem much greater. M'hen examined through 
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powerful telescopes^ they are teen to be round Indies, of 
sensible and even of considerable apparent diameter, 
and oftering distinct and characteristic peculiarities, 
which show them to be solid masses, each ifossess. 
ing its indi\idual structure and mechanism; and that, 
in one instance at least, an excee<lingly artificial and com. 
plex one. (Set^ the repnrsentations of Jupiter, Saturn, 
and Mars, in Plate L) I'liat their distances from us are 
great, much greater than that of the moon, and some oi 
them even greater than that of the sun, we infer from 
the smallness of their diurnal parallax, which, even for 
the nearest of them, when most favourably situated, 
does not exceed a few seconds, ami for the more remote 
ones is almost imperceptible. Frotn tlic comparison of 
the diurnal parallax of a celestial btaly, with its appa- 
rent scYiiidiametev, we can at once estimale its real 
size.* Fo^ the ])arallax is, in fact, nothing else than the 
apparent seniidiameter of tlie earth as seen from the body 
in qYiestion (art. et and, the intervening dis- 

tance being the same, the real diameters must be to each 
other in the proportion of the apparent ones. Without 
going into particulars, it will suffice to state it as a ge- 
neral result of that comparison, that tlic planets are all 
of them incomparably smaller than the sun, but some of 
them as large as the earth, and others much greater. 

(3^5.) The next fact respecting them is, tlmt their 
distances from us, as estimated from the roeasui^inent 
of their angular diameters, arc in a continual state of 
change, periodically increasing and decreasing within 
certain limits, Imt by no means corresponding with the 
mipposition of regular circular or elliptic orbits (Icftcribed 
by them about the earth as a center or focus, but main- 
taining a constant and obvious relation to thd^ apparent 
angular distances or eUm^atiom from the siii. For ex*. 
011 ^; the apparent diameter of Mars is greater when 
in opposition (as it is called) to the sun, i. a. when in 
the opiate part of the edi^c, or wher^t com^ on 
the meridian at midnight,— being dien aftmt 
—but dimiiijshes rapidly from that amount to about 
B 4 
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4", wlilch is its a)>parcnt iliameter 5n co»- 

juuvtion, or when hceii in nearly the same direction as 
that luminary. This^ and facts of a similar character^ 
observed with res{)cct to the apparent diameters of the 
other planets^ clearly juiint out the suti as having more 
than an accifiental relaticm to their movements. 

(3y{i) Lastly, certain of the planets, when viewed 
through telescopc^s, exhibit the appearance of phases 
like tho.se of the mwm. This proves that they are 
opaque bodies, shining only by reflecte*! light, which 
can be no other than the sun's ; not only hveause there 
is no other sourci; of ligfit external to them sutHcientiy 
powerful, but iMvause the appearance and succession 
of the phases themselves are (like their visible diamc.. 
ters) intimately connected with their elongations from 
the sun, as will prtwntly \w shown. 

(S97*) Accordingly, it is found, that, when wejrefer 
tlie planetary movements to the sun as a cenU'r, all that 
apparent irregularity which they offer wht'U viewed 
from the eartli disappears at once, anri resolves itself 
into one simple and general law', of which ihe earth's * 
motion, as explained in a former chapter, is only a par- 
ticular case, in order to show how this happens, let us 
fake the case of a single planet, which wc will sup- 
pose to revolve round the sun, in a plane nearly, but 
not quite, coinddenr with the ecliptic, but 
through the sun, and of course intersecting the eclip. 
tic in a fixeil line, which is the line of the planet's 
nodes. This line must of course divide its orbit into 
two segments; and it is evident that, so long as the dr- 
cumstauoes of the planet’s motion remain otherwise 
unchanged, tlie times of describing these segm||pi» must 
remain tl^e same. The interval, then, between the 
planet's quoting either noile, and returning to the same 
node again, must be that in which it describes one com- 
plete revolution round the sun, or ita periodic time ; and 
thua we are fiirniahed with a direct method of tseer* 
taintng the periodic time of each planet. 

(SpS.) W e have said (art. SSS.) that the planets make 
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the entire tour of the heavens under very (Iilfe|int cir- 
cumstances. This must l»e explained. Two of them 
—Mercury and Venus — perform this circuit evidenu 
ly as actuiulants upon the sun, from whose vicinity they 
never depart lieyond a certain limit. They are seen 
sometimes to the cast, sometimes to thew^est of it. In 
the former case they appear C4)nspipuous over the west* 
eru horizon, just after sunset, and are called evening 
stars: Wmiis, csjK'cially, appears occasionally in this 
situation with a dazzling lustre; and in favourable cir. 
cumstances may ol)served to cast a pretty strong 
shariow.* When tlwy happen to be to the west of the 
sun, they rise liefore that lumin.iry in tlie morning and 
appear over the eastern horizon as momiitg stars : they 
do not, however, attain the same rhuffutim from the 
sun. Mercury never attains a greater angular distance 
from it than about while V«*nus extends her ex- 
cursions on either side to about 47' . When they have 
receded from the sun, enhtirard^ to their n»flpective dis- 
tances, they remain for a lime, as it were, immovable 
with to it, and are carried along with it in the 

ecliptic with a motion equal to its own ; but preaently 
tliey begin to approach it, or, which coines to the same, 
llieir motion in longitude diminishes, and the sun gains 
upon them. As this approacli goes on, their conti- 
above the horizon aftiT sunset Ixrcoincs daily 
shortly till at length they 8t*t before the darkness has 
become sufficient to allow of their bi*ing seen. For a 
time, then, they are not seen at all, unless on very rare 
occasions, when they are to he obscrveil paMning aero09 
the nuns disc un nrnallj round, wrllJlffined hUtek npotn 
totally in appearance from the solar spots 

(art. Sifyn). These phenomena are omphatic^ly called 
irantiU cf the restjective planets across and 

take place when the earth happens to he pasung dio 
fine their nodes wliile they are in that part of their 
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orbits^ J|»t as in the account we have given (art. 
3$5*) of a solar eclipse. After having thus continued 
invisible for a time, however, they l)cgin to appear on the 
other side of the son^ at first showing themselves only for 
a few minutes before sunrise, an<i gradually longer ancf 
longer as they recede from him. At this time their 
motion in longitude is rajddly retrograde. Itefore iliey 
attain their greatest tdoiigation, liowcver, they l)ecome 
stationary in the heavens ; hut tlieir recess from the sun 
is still maintained by the advance of that luminary along 
the ecliptic, which continues to leave them Ixdiirid, until, 
having reversed tlieir motion, and become again direct, 
they accjuire sufticient speed to commenee overtaking 
him— at which inomeiit they have their greatest toe«tern 
elongation ; and thus is a kind of ftscillatory movement 
kept up, while the general advance along tlic ecliptic 
goes on. 



(5990 Suppose P Q to be the ecliptic, and A B D the 
orbit of one of these planets, (for instance. Mercury,) 
seen almost edgewise by an eye situated very n^ly in 
its plane ; $, the sun, its center ; and A, B, D, o suc- 
oossive positions of the planet, of which fi and S are in 
the nodes. If, then, the eun S stood apparently still 
in the ecliptic, the planets would simply appear to oscil- 
late backwards and forwards from A to D, alternately 
passing before and behind the sun ; and, if the eye hap- 
pened to Ije exactly in the plane of the orbit, transiting 
hi« disc ill yie former case, and being cov^r^ by it in 
the Utter. But as the sun is not so stationary,, iai ap* 
parently carried along the ecliptic P Q, let it be tup* 
posed to mo^ over the spaces S T, T U V, while the 
nkiiet in^ch case executes one quarter of its period. 
Then will its orlnt be aiqiarently carried along with the 
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sun, into the successive positions represented^ in the 
figure ; and while its real motion round the sun beings 
it into the respective points B, D, S, A, its apparent 
movement in the heavens will sesip to have been along 
the wavy or zigzag line A N In this, its mo. 

tion in longitude will have been direct in the parts A N, 
N H, and retrograde in the parts H n K ; while at 
the turns of the zigzag, at H, K, it will have been 
stationary. 

(400.) The only two planets — Mercury and Venus— 
whose evolutions are such as above described, are called 
inferior planets ; their points of farthest recess from the 
sun are called (as above) their greatest eastern and western 
elongations ; and their points of nearest approach to it, 
their inferior and superior conjunctions, — the former 
when the planet passes between the earth and the sun, 
the ^tter when behind the sun. 

(401 .)* In art. we have traced the apparent path 
of an inferior planet, by considering its orbit in section, 
or as viewed from a point in the plane of the ecliptic. 
Let us now contemplate it in plan, or as viewed from a 
station above that plane, and projected on it. Suppose, 
then, S to represent the sun, a & c d the orbit of Mer- 
cury, and A B C D a part of that of the earth— the 
direction of the circulation 


that of the arrow. Wh^t&e 
f \b planet stands at o, let the 

^ situated at A, in the 
1 ) direction of a tangent, a A, to 

V / ' *** ^ “ evident 

\ ^ f " / that it will appear at its 

elongation from the/un^-^liie 
XT — angle o A S, wh^^measures 

V their apparent interval as seen 
ibte A, being then greater than in any other dtoadon 


of a upon its own circle. ^ 

Now, this ang^e being known by ohservalioD, 
dre ar^ hereby fumiahed wifii a ready means o£ aseer* 
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tainingj^at least approximately^ the distance of the 
planet from die sun^ or the radius of its orbit, supposed 
a circle. For the triangle S A a is right-angled at a, 
and consequently we have S a : S A : : sin. S A « : 
radius, by wliich proportion the radii S o, S A of die 
two orbits are directly comparetl. If the orbits were 
both exact circles, this would of course be a perfectly 
rigorous mode of proceeding : but (as is proved by the 
inequality of the resulting values of S a obtained at 
different times) this is not the case ; and it becomes 
necessary to admit an excen tricity of position, and a de- 
viation from the exact circular form in Mi orbits, to 
account for this difference. Neglecting, however, at 
present this inequality, a mean or average value of 
S a may, at least, be obtained from the frequent rc* 
petition of this process in all varieties of situation of 
the two bodies. The calculations being performed^ it is 
concluded that the mean distance of Mercur/ from the 
sun is about 36000000 miles ; and that of Venus, 
similarly derived, about 68000000 ; the radius of the 
earth's orbit being 9^j>000000. 

(4f03.) The sidereal periods of the planets may be ob- 
tained (as before observed), with a considerable approach 
to accuracy, by observing their passages through the nodes 
of their orbits ; and, indeed, when a certain very minute 
jinotion of these nodes (similar to that of the moon's 
nodes, but incomparably slower,) is allowed for, with a 
precision only limited by the imperfection of the ap- 
projmate observations. By such observation, so cor- 
rected, it appears that the sidereal period of Mercury is 
87d 23*» 15“* 43-9* ; and that of Venus, 224*^ l6*> 
49"' 8*0*. These periods, however, are widely diiiferent 
from the i|p>tervals at which the successive appearances 
of die nlancts at their eastern and western elonga- 
tions from tne sun are observed to happen. Mmnry ig 
•een at its greatest splendour as an evening star, at 
average int^als of ab^t 1 16 , and Venus at intervals of 
about 584irfCys. The differaioe between the ridereai ait4 
iy$Mdic§l revolutions (art.353.) accounts for this. Refer.* 
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ring again to the figure of art. 401.^ if the earth al>od still 
At A, ivhile the planet advanced in its orbits the lapse of a 
sidereal period, which should bring it round again to a, 
would also reproduce a similar elongation from the sun. 
But, meanwhile, the earth has adl^anced in its orbit in 
the same direction towards E, and therefore die next 
greatest elongation on the same side of the sun will 
happen — not in the position a A of the two bodies, 
but in some more advanced position, e £. The deter- 
mination of this position depends on a calculation ex- 
actly similar to what has been explained in the article 
referred to ; and we need, therefore, only here state the 
resulting synodical revolutions of the two planets, which 
come out respectively 115*877*^, and .58.8*920**. 

(404.) In this interval, the planet will have described 
a whole revolution plan the arc a e, and the earth only 
the arc E of its orbit. During its lapse, the ivu 
fv.rior conju7ictimt will happen when the earth has a 
certain intermediate situation, B, and the planet has 
reached b, a point between the sun and earth. The greatest 
eiongatJon on the opposite side of the sun will happen 
when the earth has come to C, and the planet to c, 
where the line of junction C c is a tangent to the in- 
terior circle on the opposite side from M. Lastly, the 
superior conjunction will happen when the earth arrives 
at D, and the planet at d in the same line prolonged m 
the other side of the sun. The intervals at which these 
phenomena happen may easily be computed from a 
knowledge of the synodical periods and the radii of the 
orbits. 

(405.) The circumferences of circles are in the pro- 
porticHi of their radii. If, then, we calculate the cir.. 
eumfierenoes of the orbits of Mercury and Venua. and 
the eardi, and compare them with the tine^in mich 
tbdr lev^utions are performed, we shall find that the ' 
ectQd^docitieB with which they move in theix orbits 
greatly ; that of Mercury bdng alwut 4004^ miles 
per hour, of Venns 80060 and of the euKh 680B0, 
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From tLifl it foUows^ thot at the inferior conjunction^ or 
at either planet is moving in the same direction as 
die eaardi^ but with a greater velocity ; it will, there. 

leave the earth behind it; and the apparent motion 
of the planet viewed from the earth, will be t/* the 
^net, stood still, and the earth moved in a contrary 
direction from what it really does. In this situation, 
then, the apparent motion of the planet must be con. 
trary to the apparent motion of the sun ; and, there- 
fore, retrograde.^ On the other hand, at the superior 
eoiijiinction, the real motion of the planet being in the 
opposite direction to that of the earth, the relative 
motion will be the same as if the planet stood stiU, 
and the earth advanced with their united velocities in 
its own proper direction. In this situation, then, tlic 
apparent motion will be direct. Both these results are 
in accordance with observed fact. ^ • 

(406.) The stationary points may be determined by 
the following consideration. At a or c, the points of 
greatest elongation, tlie motion of the planet is directly 
to or from the earth, or along their line of junction, 
while tliat of the earth is nearly periiendicular to it. 
Here, then, the apparent motion must be direct. At b, 
the inferior conjunction, we have seen that it must be 
retxflgrade, owing to the planet’s motion (which is there, 
as well as the earth’s, perpendicular to the line of junc- 
tioik;) surpassing the eartli’s. Hence, the stationary 
points ougbt to lie, as it is found by observation they 
do, between o and 6, or c and 6, viu* in such a po- 
the obliquity of the planets motion with 
Bne of junction shall just compensate fbr 
its velocity, and cause an equal advance of 
^ of that Une, by the motion of the plimet 
and of the earth at the other: so 
time, the whole line shall move paiidle] t0« ' 
pH^^^^^question thus proposed is purely geoiiieM(S% .'‘ 
on tl^ supposition of drcuhur orlnts ki' 
we them as otherwise than cbwV 


tuAP. VIII. PiULiM OF ircitoviiY MU yoNVf.f SM 

des (which they rei^y are)^ it heeomes iomewh|t eoai« 
plex— -too mu^ so to be here entered upon. It wiQ 
suffice to state the results which experience veiMles, and 
which assigns the stationary points of Mercury at 
from 15^ to 20^ of elongation from the sun, aeoord.. 
mg to circumstances , and of Venus, at an dongation 
never varying much from 29^. The former con- 
tmues to retrograde during about 22 days ; the lattasr^ 
about 42. 

(407.) We have said that some of the planets exhi. 
bit phases like the moon. This is the case with both 
Mercury and Venus , and is readily explamed by a 
consideration of their orbits, such as we have above 
supposed them. In fact^ it requires little more than 



mere inspection of the fisrure annexed^ to show, that to a 
spectator situated on the earth £, an inferior planet^ 
iUuminated by the sun, and therefore bright on the 
side next to him, and dark on that tamed £poi|| hlinw 
will appear full at the superior conjunction A ; 
(ie,iiiore than half full, like the moon ' 
fliat and second quarter,) between that 
peiaita B C of its greatest elongation | h 
film points; and crescent-shaped, or honM^^J 
Apm ua d the infiBrior opnjimction D. As 4i 
Ab pdnt, Ae cresc^t ought to i 
i^bfraer, rendeito|; Ae planet [ 
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it iranttts the ^nn's disc^ and appears on it 
av a t^ek AU these phenomena are exactly con. 
ftvmaUe to observation ; and, what is not a little satis* 
&etory, they were predicted as necessary consequences 
of dm Copernican theory before the invention of the 
lieilesieope.* 

(408.) Tlie variation in brightness of Venus in difierf* 
ent parts of its apparent orbit is very remarkable. This 
arises from two causes: 1st, the var)ing proportion of 
its visible illumj^ated area to its i^liole disc ; and, 2dly, 
the varying angular diameter^ or whole apparent mag. 
nitude of the disc itself. As it approaches its in. 
ferior conjunction from its greater elongation, the 
half*moon becomes a crescent, which thtru qf; but thia 
is more than compensated, for some time, by the in. 
cmadhg apparent magnitude, in consequence of its 
dbttini&ing distance. Thus the total light received 
Arom it goes on increasing, till at length it attains a 
maximum, which takes place when the planet’s elonga- 
tion is about 40'’. 


( 409 .) The tiansits of Venus are of very rare oc- 
eunrence, taking place alternately at intervals of 8 and 
118 years, or tliereabouts. As astronomical phenomena, 
they are, however, extremely important; since they afford 
liie best and most exact means we possess of ascertaining 
the son’s distance, or its parallax. Without going into 
dm niceties of calculation of this problem, which, OMdng 


Let £ he the earth, V Venus, and 9#e 
CP the portion of Venus's relative whit tHUtelt she 
d|Md|ffios^hUe in the act of transiting dia 8ttn*a disc. 

two spectators at opposite extremities of 
of the earth which is peipendianlar to M 
f to avoid compHcatin^ dm csae> let 

c«acySk|Dk^ 
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out of consideration the earth's rotation, and luppose 
A, B, to retain that situation during the whole time of 



the transit. Then, at any moment when the spectator 
at A secs the center of Venus projected at a on the sun's 
disc, he at B will see it projected at h. If then one or 
Other s})ectator could suddenly transport himself from 
A to B, he would see Venus suddenly displaced on the 
disc from a to hj and if he had any means of noting 
accursAely^hc place of tlie points on the disc, cither by 
micrometrical measures from its edge, or by other means, 
he might ascertain the angular measure of & as seen 
from the earth. Now, since A V u, B V h, are straight 
lines, and therefore make equal angles on each side V, o 0 
will be to A B as the distance of Venus from the sun is to 
its distance from the earth, or as 68 to 2 7> or nearly as 
2^tol: ah therefore, occupies on the sun’s disc a space 
times as great as the earth's diameter; and its an* 
gular measure is therefore equal to about 2^ times tl|e ^ 
earth's apparent diameter at the distance of the sun, or 
(which is the same thing) to five times the sun's honU 
sontal parallax (art 298.). Any error, therefon^ which 
may he committed in measuring a b, will entail cmly 
one of that error on the horizontal parallax eolu 
dutM fitom it. 


(410.) The thing to be ascertained, 
in fhet, neither more nor less than the 
lone induded between the 

parent paths of the center of Venus acroi^ jjlte 
disc, 

thereihre. 
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posnblf^ care and precision^ each at his own station^ 
this path^~ where it enters^ where it quits, and what 
segment of the sun’s disc it cuts off. Now, one of 
the most exact ways in which (conjoined with careful 
micrometric measures) this can he done, is by 
noting the time occupied in the whole transit ; for the 
relative angular motion of Venus being, in fact, very 
precisely known from the tables of her motion, and the 
apparent path being very nearly astraight line, these times 
give UR a measure (on a very enlarged scale) of the 
lengths of the chords of the segments cut off ; and the 
sun's diameter being known also with great precision, 
their versed sines, and therefore their difference, or 
the breadth of the zone required, becomes known. To 
obtain these times correctly, each observer must ascer. 
tain the instants of ingress and egress of the center 
To do this, he must note, 1st, the instan^whan the 
first vimble impression or notch on the edge of the disc 
at P is produced, or the first external contact ; Sdly, 
when the planet is just wholly immersed, and the 
broken edge of the disc just closes again at Q, or the 
first tn^erna^ contact ; and, lastly, he must make the 
same observations at the egress at R, S. The mean of 
the internal and external contacts gives the entry and 
egress of the planet’s center. 

(411.) The modifications introduced into this 
process by the earth's rotation on its axis, and by other 
geographical stations of the observers thereon thi^n here 
suppoe^, are similar in their principles to those whidi 
enter hito the calculation of a solar eclipse, or the occult- 
adon of a star by the moon, only more refined. Any 
consideration of ^em, however, here, would lead us too 
far ; bplsin the view we have taken of the sulject, it 
aIRmw idmirahle example of the way in which mU 
my^pteats in astronomy may become magtified in 
and, by being made sulg^ ^ ii^<usuremeBt 
OR . A enl^ed scale, or by substituting ihe 

ttee for ^aoe, may be ascertained with m 
prewon ad^uate toofeiy purpose, by oidy 



CHAP.Vni. OP THE SUPERIOR PLANETS. S59 

watching favourable opportunities^ and taking a^antage 
of nicely adjusted combinations of circumstance. So 
important has this observation appeared to astronomers^ 
that at the last transit of Venus, in 1769^ expeditions 
were fitted out, on die most efilcient scale, by the Bri- 
tish, French, Russian, and other governments, to the 
remotest comers of the globe, for the express purpose 
of performing it. The edebrated expedition of Captain 
Cook to Otaheite was one of them. The generd re- 
sult of all the observations made on tliis most me- 
morable occasion gives 8^*5776 for the sun's horisontal 
parallax. 

(412.) The orbit of Mercury is very eUiptical, 
the exccntricity being nearly one fourth of the mean 
distance. This appears from the inequality of the 
greatest elongations from die sun, as observ^ at dif- 
ferent times, and which vary between the limits 16^ 12' 
and 28° 48', and, from exact measures of such elong. 
ations, it is not difficult to show that the orbit of Venus 
also is sli^itly excentric, and that bodr these planets, in 
fact, describe eUipses^ having the sun in their common 
focus. 

(418.) Let us now consider the superior planets, or 
those whose orbits enclose on aU sides that of the earth. 
That they do so is proved by several circumstances:-- 
Ist, They are not, like the inferior planets, confined to 
certain limits of elongadon from the sun, but appear at ' 
dl distances from it, even in die opposite quarter of 
the heavens, or, as it is called, in oppontion; wMch could 
not happen, did not the earth at such dmes place itself 
between them and the sun : 2dly, They never appear 
homed, like Venus or Mercury, nor even semilunar. 
Those, on the contrary, which, from the minnttiiesB of 
thdr parallax, we conclude to be the most dUt&t Aesn 
us, vis. Jupiter, Saturn, and Uranus, never 
wise than round; a sufficient proof, of itself iee 

them 'always in a/Brecdon not very that 

in which the sun's rays illuminate that, 

dienfoiej we occupy a station which is nsMr very wid% 
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remoTiSil from the center of their orbits^ or^ in other 
wordfi^ that the earth s orbit is entirely enclosed within 
^ theirs, and of comparatively small diameter. One only 
of them^ Mars^ exhibits any perceptible phase, and in 
its deficiency from a circular outline, never surpasses 
a moderately gibbous appearance, — the enlightened por- 
tion of the disc being never less than seven-eighths of the 
whole. To understand this, we need only cast our eyes 
on the annexed figure, in which E is tlie earth, at its 



apparent greatest elongation from the 
sun S, as seen from Mars, jM. In this 
position, the angle S M E, included be- 
tween the lines S M and E M, is at its 
maximum; and, therefore, in this state 
of things, a siiectator on the earth is 
enabled to see a greater portion of the 
dark hemisphere of Mars than any 
other situation. The extent of the phase, 
then, or greatest observable degree of 
gibbosity, affords a measure — a sure, 
although a coarse and rude one — of the 
angle S M £, and therefore of the pro- 
portion of the distance S M, of Mars, 
to S £, that of the eartli from the 
sun, by which it appears that the 


diameter of the orbit of Mars cannot be lesa than 


1^- that of the earth’s. The phases of Jupiter, 
Saturn, and Uranus being imperceptible, it follows that 
their orbits roust include not only that of the earth, but 
of Mars also. 


(414.) All the superior planets lure retrograde in their 
apparent motions when in opposition, and for some 
time hejire and after; but they differ greatly from each 
botlfin the extent of their arc of reti^adation, 
ih the duration of their retrograde movementy and in 
rapidity when swiftest It is more extensive and 
rapid in case of Mara than of Jupiter, of Jupiter 
than of ^tum, and of that planet than Uranus. Tte 
singular velocity with which a planet appears to lelira- 
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grade is easily ascertained by observing its d^iparent 
place in the heavens from day to day ; and from such 
observations, made about the time of opposition, it iaa 
easy to conclude the relative magnitudes of their orbits 
as compared with the earth s, supposing their periodic 
times known. For, from these, tlieir mean angular 
velocities are known also, being inversely as the times. 
Suppose, then, £ e to be a very small portion of die 
earth s orbit, and M m a corresjKinding portion of that 



of a superior planet, described on the day of opposition, 
about die sun S, on which day the three bodies lie in 
one straight line S £ M X. Then the angles E S c and 
M S m are given. Now, if e m be joined and prolonged to 
meet *S AF continued in X, the angle e X E, wliich is 
equal to the alternate angle X e jf, is evidently the retro- 
gradation of Mars on that day, and is, dierefote, also 
given. E e, therefore, and the angle £ X e, being given 
in the right-angled triangle EeX, the side EX is 
easily calculated, and thus S X becomes known. Con- 
sequendy, in the triangle S m X, wc have given the 
side S X and the two angles m S X and m X S, whence 
the other sides, S tn, m X, are easily determined. Now, 
S m is no other than die radius of the orbit of the su- ' 
perior planet required, which in this calculation is 
supposed circular as weU as that of the earth; a suppo- 
sition not exact, but sufficiendy so to afford a sati^ac* 
tory approximation to the dimensions of its orbit, and 
which, if the process be often repeated, iA every variety 
of situation at which the opposition can o^r, will 
ultimately afford an average or mean valusiof its dilu 
meter foUy to be depended upon. ^ 

(415.) To apply this principle, however, to practice, 
it is necessary to l^w the periodic times of .^he several 
linnets. These may be obtained direedy, a8%a8 been 
tdr^y. stated, by oliserving die intervals cf their pas- 
6 3 





A TllEATlSE ON ASTRONOMY. OMAP.'VlIlr 


-sages Arough the ecliptic ; but, owing to the very 
small inclination of the orbits of some of them to its 
%lane, they cross it so obliquely that the precise mo- 
ment of their arrival on it is not ascertainable, unless 
by very nice observations. A better method consists in 
^termining, from tlie observations of several successive 
&ys, the exact moments of their arriving in opposition 
with the sun, the criterion of which is a diiference of 
longitudes between the sun and planet of exactly 1 80°, 
The interval between successive oppositions thus ob- 
tained is nearly one synodical period ; and would be 
exactly so, were the planet's orbit and that of the 
earth both circles, and uniformly described ; but as that 
is found not to be the case (and the criterion is, the 
inequality of successive synodical revolutions so ob- 
served), the average of a great numl)er, taken in all 
varieties of situation in which the oppositions occur, 
wQl be freed from the elliptic inequality, and may be 
tali^ii as a mean synodical period. From this, by the 
coniiderations employed in art. 358., and by the process 
of calculation indicated in the note to that article, the 
sidereal periods are readily obtained. The accuracy 
of this determination will, of course, be greatly increased 
by embracing a long interval between the extreme ob- 
servations employed. In point of fact, that interval 
extends to nearly 2000, years in the cases of the planets 
known to the ancients, who have recorded their observ- 
ations of them in a manner sufficiently careful to be 
made use of. Their periods may, therefore, be re- 
garded as ascertained with the utmost exactness. Their 
numerical values will be found stated, as well as the 
mean distances, and all the other elements of the planet- 
ary orbilfi, in the synoptic table at the end of the 
volume,* t<#whicli (to avoid repetition) the reader is 
once for all referred. 

(4l6.) In casting our eyes down the list of the pla. 
netary dia^ces, and comparing them with the periodic 
times, w^annot but be struck with a certain correspond- 
ence. The greater the distance, or the larger the otUt^ 
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evidently the longer the period. The order of the pla- 
nets, beginning from the sun, is the same, whether we 
arrange them according to their distances, or to th^ 
time they occupy in completing their revolutions ; ana 
is as follows: — Mercury, Venus, Earth, Mars,— the 
four ultra-zodiacal planets, — Jupiter, Saturn, and Ura- 
nus. Nevertheless, when we come to examine the nui:^ 
hers expressing them, we find that the relation between 
the two series is not that of simple proportional increase. 
The periods increase more than in proportion to the dis- 
tances. Thus, the period of Mercury is about 88 days, 
and that of the Earth 365 — being in proportion as 1 
to 4*15, while their distances are in the less proportion 
of 1 to 2*56 ; and a similar remark holds good in every 
instance. Still, the ratio of increase of the times is not 
so rapid as that of the squares of the distances. The 
square of 2*56 is 6.5536, whidi is considerably greater 
than 4*1.?. An intermediate rate of increase, between 
the simple proportion of the distances and that of their 
squares, is therefore clearly pointed out by die sequence 
of the numbers ; but it required no ordinary penetration 
in the iUustrious Kepler, backed by uncommon perse- 
verance and industry, at a period when the data them- 
selves were involved in obscurity, and when the pro- 
cesses of trigonometry and of numerical calculation were 
encumbered with difficulties, of which the more recent 
invention of logarithmic tables has happily left us ipi , 
conception, to perceive and demonstrate real law of 
their connection. This connection is expressed in the 
following proposition:— The squares of the periodic 
times of any two planets are to each other, in the same 
proportion as the cubes of their mean distances from the 
sun." Take, for example, the earth and Mars*, whose 
periods are in the proportion of 3652564>^uf£86979S, 
and whose distances from the sun is that of 100000 to 

* The exprmsioo of this law of X^ler reqtilrei a lUsht niodtflcatlon 
when we leome to the extreme nicety of numerical calculation, for the 
Sweater fttnet#, due to the influence of their maHCCi correotUm it 
ioipecceifCnfle tor the earth and Mara, % 

S 4 
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15236SL; and it will be found, by any one who wiU 
take the trouble to |];o through the calculation, that — 

. (3652564)2 : ( 6869796 )- : : (100000)« : (152369)-*. 

^ (417.) Of all the laws to which induction from pure 
obs^vation has ever conducted man, this third law (as 
it is called) of Kepler may justly be regarded as the 
ilHpst remarkable, and the most pregnant with import, 
aiit consequences. When we contemplate the consti- 
tuents of the planetary system from the point of view 
which this relation affords us, it is no longer mere ana- 
logy which strikes us— no longer a general resemblance 
among them, as individuals independent of each other, 
and circulating about the sun, each according to its own 
peculiar nature, and connected with it by its own pecu- 
liar tie. The resemblance is now perceived to be a true 
family likeness ; they are l^und up in one chain — in. 
terwoven in one web of mutual relation and harmonious 
agreement— subjected to one pervading influence, which 
extends from the center to the farthest limits of that 
great system, of which all of them, the earth included, 
must henceforth be regarded as members. 

(418.) The laws of elliptic motion about the sun as a 
focus, and of the equable description of areas by lines 
joining the sun and planets, were originally established 
by Kepler, from a consideration of the observed motions 
of Mars ; and were by him extended, analogically, to all 
the other planets. However precarious such an exten- 
sion might then have appeared, modern astronomy has 
completely verified it as a matter of fact, by the general 
coincidence of its results with entire series of observ. 
ations of the apparent places of the planets. These are 
found to accord satisfactorily with the assumption of a 
particular ellipse for each planet, whose magnitude, dc. 
gree of esq^i^city, and situation in space, are nume- 
rically assigned in the synoptic table before referred to. 
It is true, that when ol^rvations are carried to a liigh 
degree of precision, and when each planet i^ traced- 
through iqpfiy successive revolution^ and its history 
carried hack, by the aid of calculations founded on these 
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data^ for many centuries^ we learn to regard tlii|laWB of 
Kepler as only ^rst approximations to the much more 
complicated ones which actually prevail; and that m 
bring remote observations into rigorous and mathematical 
accordance with each other^ and at the same time to re. 
tain the extremely convenient nomenclature and relations 
of the KLijpTio sxsTEM^ it becomes necessary to modiff^ 
to a certain extent, our verbal expression of the laws, and 
to regard the numerical data or elliptic elements of the 
planetary orbits as not absolutely permanent, but subject 
to a series of extremely slow and almost imperceptible 
changes. These changes may be neglected when we con- 
sider only a few revolutions ; but going on from century 
to century, and continually accumulating, they at length 
produce considerable departures in the orbits from their 
original state. Their explanation will form the subject 
of a spb8e(j|uent chapter ; but for the present we must 
lay them out of consideration, as of an order too minute 
to affect the general conclusions with which we are now 
concerned. By what means astronomers are enabled to 
compare tlie results of the elliptic theory with observ. 
ation, and thus satisfy themselves of its accordance with 
nature, will be explained presently. 

(41 9-) It will first, however, be proper to point out 
what particular theoretical conclusion is involved in 
each of the three laws of Kepler, conitidered as satii- , 
factorily established, — what indication each of them, 
separately, affords of the mechanical forces prevalent in 
our system, and the mode in which its parts are con- 
nected,— -and how, when thus considered, they consti. 
tute the basis on which the Newtonian explanation of 
the mechanism of the heavens is mainly supported. 
To begin with the first law, that of the equably descrip- 
tion of areas. — Since the planets move cihrviline&r 
paths, they must (if they be bodies obeying the laws of 
dynamic^ be deflected from their otherwise natural rec- 
tilinear HOgress by force. And from this la^v, taken as 
a matter^ observed fact, it follows, that tlft direction 
of such force, at every point of the orbit of each planet. 
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alwayB fpasses through the mn. No matter from what 
ultimate cause the power which is called gravitation 
jjoriginates, — be it a virtue lodged in the sun as its recep. 
tacle, or be it pressure from without^ or the resultant of 
many pressures or sollicitations of unknown fluids^ mag- 
netic or electric ethers^ or impulses^ — still, when finally 
thought under our contemplation, and summed up into a 
single resultant energy — its direction is,/rom every point 
an all sides, towards the suits center^ As an abstract dy- 
namical proposition, tlie reader will find it demonstrated 
by Newton, in the 1 st proposition of the Principia, with 
an elementary simplicity to which we really could add 
nothing but obscurity by amplification, that any body, 
urged towards a certain central point by a force con. 
tinually directed thereto, and thereby deflected into a 
curvilinear path, will describe about that center equal 
areas in equal times ; and mce versa, that such equable 
description of areas is itself the essential d^iterion of 
a continual direction of the acting force towards the 
center to which tliis character belongs. The first law 
of Kepler, then, gives us no information as to the 
nature or intensity of the force urging the planets to 
the sun ; the only conclusion it involves, is that it does 
80 urge them. It is a property of orbitual rotation 
under the influence of central forces generally, and, as 
such, we daily see it exemplified in a thousand familiar 
instances. A simple experimental illustration of it is 
to tie a bullet to a tliin string, and, having whirled it 
round with a moderate velocity in a vertical plane, to 
draw the end of the string through a small ring, allow 
it to coil itself round the finger, or a cylindHcal rod 
held very firmly in a horizontal position. The bullet 
will then^approaeh the center of motion in a spiral line ; 
and the ^nc^ease not only of its angular but of its linear 
velocity, and the rapid diminution of its periodic time 
when near the center, will express, more clearly than 
any words, the compensatiem by which i]|| uniform 
description of areas is maintained under a ^^stantly 
diminishing distance. If the motion he reversed, and 
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the diread allowed to uncoil, l)eginning with ^ rapid 
impulse, the velocity will diminiBh by the same degrees 
as it before increased. The increasing rapidity of a, 
dancer’s pirouette^ as he draws in his limbs and straight- 
ens his whole person, so as to bring every part of his 
frame as near as possible to tlie axis of his motion, is 
another instance where the connection of the observed^ 
effect with the central force exerted, tliough equally 
real, is much less obvious. 

(420.) The second law of Kepler, or that which 
asserts that the planets describe ellipses about the sun 
as their focus, involves, as a consequence, the law of 
solar gravitation (so be it allowed to call die force, 
whatever it be, which urges them towards die sun) as 
exerted on each individual planet, apart from all con. 
nection with the rest. A straight line, dynamically 
speaking, the only path which can be pursued by a 
body absolutely free, and under the action of no external 
force. All deflection into a curve is evidence of the 
exertion of a force ; and the greater the dcfiecdon in 
equal times, the more intense the force. Deflection 
from a straight line is only another word for curvature 
of path ; and as a circle is characterized by the uni- 
formity of its curvature in all its parts — so is every 
other curve (as an ellipse) characterized by the parti, 
cular law which regulates the increase and diminution > 
of its curvature as we advance along its circumference. 
The deflecting force, then, which continually bends a 
moving body into a curve, may be ascertained, provided 
its direction, in the first place, and, secondly, the law 
of curvature of the curve itself, be known. Both these 
enter as elements into the expression of the force. A 
body may describe, for instance, an ellips^ under a 
great variety of dispositions of the acting forces: it 
may glide along it, for example, as a bead upon a 
polished wire, bent into an elliptic form ; in which case 
the aci^ force is always perpendicular to the wire, 
and thi^%locity is uniform. In this case the farce is 
directed to no fired center, and there is no equable de* 



S68 A TREATISE 0S ASTRONOMY. CHAP. Vlll. 

scripti^n of areas at all. Or it may describe it as we 
may see done, if we suspend a ball by a ver^ long 
string, and, drawing it a little gjside from the perpen- 
dicular, throw it round with a gentle impulse. In this 
case the acting force is directed to the center of the 
ellipse, about which areas are described equably, and to 
which a force proportional to the distance (the d|pm- 
posed result of terrestrial gravity) perpetually ui^s it. 
This is at once a very easy experiment, and a very 
instructive one, and we shall again refer to it. In 
the case before us, of an ellipse described by the action 
of a force directed to the foGuSy the steps of the investi- 
gation of the law of force are these: 1st, The law of 
rite areas determines the actual velocity of the revolving 
body at every point, or the space really run over by it in 
a given minute portion of dme ; Sdly, The law of curv- 
atisne of die ellipse determines the linear p.movnt of 
deflection from the tangent in the direction of the focus, 
which corresponds to that space so run over ; Sdly, 
and lastly. The laws of accelerated motion declare that 
the intensity of the acting force causing such deflection 
in its own direction, is measured by or proportional 
to the amount of that defection, and may therefore be 
. calculated in any particukr posidon, or generally ex- 
pressed by geometrical or algebraic symbols, as a law 
independent of pardcular positions, when that deflecdon 
is so calculated or expressed. We have here the spirit 
of the process by which Newton has resolved this inter, 
esdng problem. For its geometrical detail; ^ must 
refer to the 3d section of his Principia, We ^ow of 
no ardfidal mode of imitadng this species of elliptic 
motion ; though a rude approximadon to it — enough, 
however, ^ give a concepdon of the alternate approach 
and recess o:( the revolving body to and from the focus,, 
and the variation of its ^odty — may be had by sus- 
pending a small steel bead to a fine and very long silk 
flbre, and setting it to revolve in a small orbit j^mnd the 
pole of a powerful cylindrical magnet, held upr^ht, and 
YOHic^y under die point of suspension* 
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(4*2 1.) Tl\e third law of Kepler, which connects the 
distances and periods of the planets by a geneAil rule, 
bears with it, as its theoretical interpretation, this im« 
portant consequence, viz. that it is one and the same 
force, modified only by distance from the sun, which 
retains a// tlie planets in their orbits about it. That 
the attraction of the sun (if such it be) is exerted upon 
all tHa bodies of our system indifferently, without regard 
to the peculiar materials of which they may consist, in 
tl)e exact proportion of their inertia;, or quantities of 
matter ; that it is not, therefore, of the nature of tlie 
elective attractions of chemistry, or of magnetic action, 
which is powerless on other substances than iron and 
some one or two more, but is of a more universal cha* 
racier, and extends equally to all the maU'rial consti- 
tuents of our system, and (as we shall hereafter see 
abundant reason to admit) to those of other system* 
than our d\vn. This law, important and general as it is, 
results, as the simplest of corollaries, from the relations 
established by Newton in the section of the Frincipia 
referred to (Prop, xv.), from which proposition it results, 
that if the earth were taken from its actual orbit, and 
launched anew in space at tM place, in the direction, 
and with the velocity of anf of the other planets, it 
would describe the very same orbit, and in the same 
period, wliich that planet actually docs, a very mimite 
correction of tlie period only excepted, arising from the 
diflbrence between the mass of the earth and that of the 
planet. Small as the planets are compared to the sun, 
some of them are not, as die earth is, ihere atoms in the 
oomparison. The strict wording of Keplers law, as 
Newton has proved in his fifty-ninth proposition, is ap- 
plicable only to the case of planets whose pr^rtion to 
the centrsl body is absolutely inappreciidile.^ ^en this 
is ease, the periodic time is shortened in the 

propcHifl|te of the square root of the number fsapressiiig 
the or inertia, to that of the sum of the 

mmilM^lkpres&uig the masses of the sun and planet ; 
and in general, wl^tever be the massea of . two bodies 
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revolying round each other under the influence of the 
Newtonian law of gravity^ the square of tlieir periodic 
time will be expressed by a fraction whose numera- 
tor is the cube of their mean distance^ t. e. the greater 
semi-axis of their elliptic orbit^ and whose denominator 
is the sum of their masses. When one of the masses 
is incomparably greater than the other^ this resolves itself 
into Kepler’s law ; but when this is not the case^ die 
proposition thus generalized stands in lieu of that law. 
In the system of the sun and planets^ however, the nu- 
merical correction thus introduced into die results of 
Kepler's law is too small to be of any importance, 
the mass of die largest of the planets (Jupiter) being 
much less than a thousandth part of that of the sun. 
We shall presently, however, perceive all the import, 
ance of this generalization, when we come to speak of 
the satellites. 

(422.) It will first, however, be proper to^explaln by 
what process of calculation the expression of a planet’s 
elliptic orbit by its ele7nmt» can be compared with ob« 
aervation, and how we can satisfy ourselves that the 
numerical data contained in a table of such elements 
for the whole system does really exhibit a true picture 
of it, and afford the means of determining its state at 
every instant of time, by the mere application of Kep- 
ler’s laws. Now, for each planet, it is necessary for this 
purpose to know, 1 st, the magnitude and form of its 
ellipse ; 2(lly, the situation of ^this ellipse in space, 
with respect to the ecliptic, and to a fixed line dhawn 
^therein ; 3dly, die locsd situation of the pimt in its 
ellipse at some known epoch, and its periodic time 
or mean angular velocity, or, as it is called, its mean 
motion. 

(423tiJ ^he magnitude and form of an ellipse are de- 
termined by its greatest length and least breadth, or its 
two prindpal axes; but for astronomical uses it is pre- 
ferable to use the semi-axis major (or half the greatest 
length), and the excentricity or distance of the focus 
jfrom the center, which last is usually estimated in parts 
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of the former. Thus^ an ellipse^ whose leng^ is 10 
iuid breadtli 8 parts of any scale^ has for its major 
semi-axis 5, and for its excentricity 3 such parts; but 
when estimated in parts of the semi-axis^ regarded as a 
Unit, the excentricity is expressed by the fraction 

(424<.} The ecliptic is the plane to which an inhabit- 
ant of the earth most naturally refers the rest of the 
solar system^ as a sort of ground.plane ; and the axis 
of its orbit might be taken for a line of departure in 
that plane or origin of angular reckoning. Were the 
axis fixed, this would be the best possible origin of 
longitudes ; but as it has a motion (though an exces- 
sively slow one), there is, in fact, no advantage in rec. 
koning from the axis more than from the line of the 
equinoxes, and astronomers tlierefore prefer the latter, 
taking account of its variation by the effect of preces- 
sion, and restoring it, by calculation at every instant, to a 
fixed position. Now, to determine the situation of the el- 
lipse described by a planet with respect to this plane, three 
elmnents require to be known : — 1st, the inclination of 
the plane of the planet's orbit to the plane of the ecliptic ; 
Sdly, the line in which these two planes intersect each 
other, which of necessity passes through .the sun, and 
whose position with respect to the line of the equinoxes 
is therefore given by stating its longitude. This line is 
called the line of the nodes. When the planet is in this ' 
line, in the act of passing from the south to the north 
side of the ecliptic, it js in its ascending node, and its 
longitude^ at that moment is the element called the^ 
Imgitw^ef the node. These two data determine the 
situation of the plane of the orbit ; and there only re- 
mains, for the complete determination of the situation 
of the planet's ellipse, to know how it is placqi^ in that 
plane, which (since its focus is necessarily Hn (he sun) 
h ascertained by stating the longitude of its perihelion^ 
or the place which the extremity of the axis nearest 
the sun occupies, when orthographically projected on 
the ecliptic. 

(425.) The dimensions and situation of the planet’s 
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orbit tl^^us determined, it only remains^ for a complete 
acquaintance with its history^ to determine die circum* 
stances of its motion in the orbit so precisely fixed* 
Now, for this purpose, all that is needed is to know the 
moment of time when it is either at the perihelion, or 
at any other precisely determined point of its orbit, and 
its whole period ; for these being known, the law of the 
areas determines the place at every other instant. This 
moment is called (when the perihelion is the point 
chosen) the periheliun pamige, or, when some point 
of the orbit is fixed upon, without special reference to 
the perihelion, the epoch, 

(426.) Thus, then, we have seven particulars or ele- 
ments, which must be numerically stated, before we can 
reduce to calculation the state of the system at any given 
moment. But, these known, it^is easy to ascertain the 
apparent positions of each planet, as it would he seen 
from the sun, or is seen from the earth at siny time. 
The former is called the heliocentric, the latter the 
geocentric, place of the planet. 

I (427.) To commence with 

the heliocentric places. Let 

/ \ '''' S represent the sun ; A P N 

« y/ \ the orbit of the planet, being 

an ellipse, having the sun S in 
Its focus, and A for its peri- 
helion ; and let « N T represent the projection 
of the orbit on the plane of the ecliptic^ intersecting 
^the line of equinoxes S V in which, therefore, 
is the origin of longitudes. Then will SI{|^be the 
line of nodes ; and if we suppose B to lie on the south, 
and A on the north side of the ecliptic, and the direc. 
tion of the planet's motion to be from B to A, N will 
be the^asfending node, and the angle qp S N the 
longitude of the node» In like manner, if P be the 
place of die planet at any time, and if it and the 
perihelion A be projected on the ecliptic, upon, the 
points p a, the angles T S T S a, will be the 
lespective heliocentric longitudes of the planet and of 
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the perihelion^ the former of which is to be del^rminedi 
and the latter is one of the given elements. Lastly, the 
angle p S F is the heliocentric latitude of the planet^ 
which is also required to be known. 

(4£8.) Now, the time being given, and also the mo. 
ment of the ]>lanet'8 passing the perihelion^ the interval, 
or the time of describing the portion A P of the orbit, 
is given, and the periodical time, and the whole area of 
the ellipse being known, the law of proportionality of 
areas to the times of their description gives the magni. 
tude cf the area A S P. From this it is a problem of 
pure geometry to determine the corresponding angle 
ASP, which is called the planet s true anomaly. This 
problem is of tlie kind called transcendental, and has 
been resolved by a gropl variety of processes, some more, 
some less intricate. It off'ers, however, no peculiar dif- 
ficulty, and is practically resolved with great facility by 
the help of tables constructed for the purpose, adapted 
to tlie case of each particular planet.* 

(439*) The true anomaly thus obtained, the planet's 
angular distance from the node, or the angle N 8 P, is 
to be found. Now, the longitudes of the perihelion and 
node being respectively V a and T N, which are given, 
their difference o N is also given, and the angle N of 
the spherical right-angled triangle A N a, being thein- 
clination of the plane of the orbit to the ecliptic, is 
known. Hence we calculate the arc N A, or the angle 
N S A, which, added to A S P, gives the angle N 8 P 
required* And from this^ regarded as the measure of 

* It will readily be understood, that, ixcopt In the cue of uniform cir- 
cular motion, an equalde descri|}Uoo of dreos about any center is incom- 
patible with an equable description of angien. 1'he object of the pMblem 
la the text is to tiau flrom the areth tupposed known, to the amlef auppoied 
unknown : in other words, to derive the true amount oLailular motion 
foom the perihelion, or the true antmafy tVom what Is OehiReally callea 
the mwn anomaly, that ia, the mean angular motion which would have 
bsen perfonned had the motion in angjle been uniform inctead of the too- 
tloD haaresu U happens, toitunately, that this ia the liiiiiileit of all^pne^ 
blema of the transcendental kind, and can be resolved, in the most diolcult 
cue, 1)9 the rule of ■* foUe position,*' or crfail and eifor, in a very fow ati. 
nutca Kay, it may even be resolved Instantly on Inn^on hj a simple 
■Ad eully constructed piece of mechanism, of whidi tlic nmder may see a 
defCElpt’HHt lo the Cambridge Fhiloso|ihical TtaBnu(|||Mlt,vol% 
the authw of this work. 
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the arc P, forming the hypothenuse of the right- 
angled spherical triangle P N p ^ whose angle N, as 
before^ is known, it m easy to obtain the other two sides, 
N p and P p. The latter, being the measure of the 
angle p S P, expresses tlie planet’s heliocentric latitude ; 
the former measures the angle N S p, or the planet's 
distance in longitude from its node, which, added to the 
known angle fy' S N, the longitude of the node, gives 
the helioccntiic longitude. Tins process, however cir- 
cuitous it may appear, when once well understood, may 
be gone through numericdlly, by the aid of tlie usual 
logarithmic and trigonometrical tables, in little more time 
than it will have taken the reader to peruse its descrip- 
tion. 

(430.) The geocentric differs «from the heliocentric 
place of a planet by reason of that parallactic change of 
apparent situation which arises from the earth's motion 
in its orbit. Were the planets' distance as vast as those 
of the stars, the earth's orbitual motion would be insen- 
sible when viewed from them, and they would always 
appear to us to hold the same relative situations among 
the fixed stars, as if viewed from the sun, f. e. they 
would then be seen in their heliocentric places. The 
difference, then, between the heliocentric and geocentric 
places of a planet is, in fact, the same thing with its 
parallojc arising from the earth’s removal from the center 
of the system and its animal motion. It follows from 
this, that the first step towards a knowledge of its 
amount, and the consequent determination of the ap. 
parent place of each planet, as referred from th# earth 
to the sphere of the fixed stars, must be to ascertain 
the proportion of its linear distances from the earth and 
from the^n as compared with the earth's distance from 
the sun, and the angular positions of all three with 
respect to each other. 

(431.) Suppose, therefore, S to represent the sun^ £ 
the earth, and P^e planet ; 8 7 * the line of equinoxes, 

£ the earth'll ^bit, and Vp a perpendicular let fah 
from the planet ra the ecliptic. Then will the ang^ 
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S P E (according to the general notion of parj\{lax con. 
veyed in art. 6y.) represent the parallax of the planet 
^ arising from the change of 
— — ' — fitation from S to E, £ P will 
^x ^ ^piMW|PI . be the apparent direction of 
g ituBT the planet seen from E ; and 

/ N. >^5?^ S Q be drawn parallel to 

jjjg angle ‘V* S Q will 
be the geocentric longitude of the planet, while '\r 
S E represents the heliocentric longitude of the earthy 
and «Y* S p that of the planet. The former of these, 
qr S E, is given by the solar tables ; the latter, «Y' S jo 
is found by the process above described (art. 
Moreover, S P is the radius vector of the planet's orbit, 
and S £ that of the earth's, both of which are deter- 


mined from the known dimensions of their respective 
ellipses, and the places of the bodies in them at the 
assigned time. Lastly, the angle P S p is the planet's 
heliocentric latitude. 


(432.) Our object, then, is, from all these data, to 
determine the angle T S Q and P E p, which is the 
geocentric latitude. The process, then, will stand as 
follows: — 1st, In the triangle S Vp, right-angled at P, 
given S P, and tlie angle P Sp (the planet's radius vector 
and heliocentric latitude), findSp, and Vp; 2dly, In the 
trian^e SEp, given Sp (just found), S£ (the earth s* 
radius vector), and the angle E Sp (the difference of 
heliocentric longitudes of the earth and planet), find the 
angle S p £, and the side £ p. The former being equal 
to the alternate angle p S Q, is the parallactic removal of 
the planet in longitude, which, added to nr Sp, gives its 
heliocentric longitude. The latter, £p (which is called 
the curtate distance of the planet from the eai^, gives 
at once the geocentric latitude, by means ot tine right, 
an^ed triangle P £ p, of which £ p and Pp are known 
rides, and the angle P £ p is the longitude sought. 

(433.) The calcuktions required te, these purposes 
are nothing but the most ordinary ^mraes of plane 
trigonometry ; and, though somewbal'iimdiousj are nei- 
r 2 
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tber intilcate nor difficult. When executed, howeverj 
they afford us the means of comparing the places of the 
planets actually observed with the elliptic theory, with 
the utmost exactness, and thus putting it to the severest 
trial; and it is upon the testimony of such computa- 
tions, so brought into comparison with observed facts, 
that we declare that theory to be a true representation 
of nature. 

(434>.) The planets Mercury, Venus, Mars, Jupiter, 
and Saturn, have been known from the earliest ages in 
which astronomy has been cultivated. Uranus was disco- 
vered by Sir W. Herschel in 1781, March 1 3.,in thecourse 
of a review of the heavens, in which every star visible in 
a telescope of a certain power was brought under close 
examination, when the new planet was immediately de- 
tected by its disc, under a high magnifying power. It 
has since been ascertained to have been ohserved on 
many previous' occasions, with telescopes of insufficient 
power to show its disc, and even entered in catalogues 
as a star; and some of the observations which have been 
so recorded have been used to improve and extend 
our knowledge of its orbit. The discovery of the 
ultra-zodiacal planets dates from the first day of 1801, 
w])en Ceres was discovered by Piazzi, at Palermo; 
a discovery speedily followed by those of Juno by 
professor Harding, of Gottingen ; and of Pallas and 
Vesta, by Dr. Olbers, of Bremen. It is extremely re- 
markable tliat this imporUnt addition to our system had 
been in some sort surmised as a thing not unlikely, on 
the ground that the intervals between the planetary 
orbits go on doubling as we recede from the sun, or 
nearly so. Thus, the interval between the orbits of the 
earth ai^jt '^nus is nearly twice that between those of 
Venus and Mercury ; that between the orbits of Mars 
and the earth nearly twice that between the earth and 
Venus ; and so on. The interval between the orbits of 
Jupiter and Mars, however, is too great, and would 
form an exception to this law, which is, however, 
resumed in ^e case of the three remoter planets. It 
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was^thereforl^ thrown out^ by the late professor Bode of 
Berlin^ as a possible surmise^ that a planet m%ht exist 
between Mars and Jupiter ; and it may easily be ima. 
gined what was the astonishment of astronomers to find 
four, revolving in orbits tolerably well corresponding with 
the law in question. No account, d priori, or from theory, 
can be given of this singular progression, which is not, 
like Kepler's laws, strictly exact in its numerical veri. 
fication ; but the circumstances, we have just mentioned 
lead to a strong belief that it is something beyond a 
mere accidental coincidence, and belongs to the essential 
structure of the system. It has been conjectured that 
die ultra-zodiacal planets are fragments of some greater 
planer, which formerly circulated in that ‘interval, but 
has been blown to atoms by an explosion ; and that 
more such fragments exist, and may be hereafter dis- 
covered. This may serve as a specimen of the dreams 
in which* astronomers, like other speculators, occasion- 
ally and harmlessly indulge. 

(435.) We shall devote the rest of diis chapter to an 
account of the physical peculiarities and probalde con- 
dition of the several planets, so far as the former are 
known by observation, or the latter rest on pro- 
bable grounds of conjecture. In this, three features 
principally strike us, as necessarily productive of ex- 
traordinary diversity in the provisions by which, if they 
be, like our earth, inhabited, animal life must be support- 
ed. There are, first, the difierence in their respective 
supplies of light and heat from the sun ; secondly, the 
difference in the intensities of the gravitating ibrees 
which must subsist at their surfaces, or the Afferent 
ratios which, on their several globes, the inertia of 
bodies must bear to their weights ; and, thirdly, the dif- 
ference in the nature of the materials of%imch, from 
wh?it we know of their mean density, we have every 
reason to believe they consist. The intensity of solar 
radiation is nearly seven times greater on Mercury than 
on the earth, and on Uranus 3^ times less ; the pro- 
porl^n between the two extremes bdog t^t of up- 

X S 
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vards of 2000 to one. Let any one figure to himfielf 
the conation of our glohc^ were the sun to be septupled^ 
to say nothing of the greater ratio ! or were it dimi. 
nished to a seventh, or to a SOOth of its actual power ! 
Again, the intensity of gravity, or its efficacy in coun- 
teracting muscular power and repressing animal ac- 
tivity on Jupiter is nearly three times that on the 
Earth, on Mars not more than one third, on the Moon 
one sixth, and on the four smaller planets proba- 
bly not more than one twentieth ; giving a scale of 
which the extremes are in the j)roportion of sixty to 
one. Lastly, the density of Saturn hardly exceeds one 
eighth of the mean density of the earth, so that it must 
consist of materials not much heavier than cork. Now, 
under the various combinations of elements so import, 
ant to life as these, what immense diversity must we not 
admit in the conditions of that great problem, the main- 
tenance of animal and intellectual existence and happi- 
ness, which seems, so far as we can judge by what we 
see around us in our own planet, and by the way in 
wbkh every corner of it is .crowded with living beings, 
to form an unceasing and worthy object for the exercise 
of the Benevolence and Wisdom which presides over all ! 

(4S6.) Quitting, however, the region of mere specu- 
lation, we will now show vrhat information the telescope 
affords us of the actual condition of the several planets 
within its reach. Of Mercury we can see little more 
than that it is round, and exhibits phases. It is too 
small, and too much lost in the constant neighbourhood 
of the Sun, to allow us to make out more of its nature. 
The real diameter of Mercury is about 3200 miles : 
its apparent diameter varies from 5'^ to 12'^ Nor does 
Venus offer any remarkable peculiarities : although its 
real diamuWisTSOO miles, and although it occasionally 
attains the considerable apparent diameter of which 
is larger than that of any other planet, it is yet the most 
difficult of them all to define with telescopes. The in. 
tense lustre of its illuminated part daisies the sight, and 
exaggerates every imperfection of the telescope; yet we 
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see clearly tSat its surface is not mottled over with per* 
manent spots like the moon ; we perceive in neither 
mountains nor shadows^ but a uniform brightness^ in 
which sometimes we may^ indeed^ fancy obscurer por- 
tionsj but can seldom or never rest fully satisfied of the 
fact. It is from some observations of this kind that 
both Venus and* Mercury have been concluded to re. 
volve on tlieir axes in about the same time as the 
Earth. The most natural conclusion^ from the very 
rare appearance and want of permanence in the spots^ 
iSj that we do not see, as in the Moon^ the real surface 
of tliese planets, but only their atmospheres, much 
loaded with clouds, and which may serve to mitigate 
the otherwise intense glare of their sunshine. 

( 437 .) The case is very different with Mars. In this 
planet we discern, with perfect distinctness, the outlines 
of what may be continents and seas. (Sec Plate I. 
fy. h, which represents Mars in its gibbous state, as seen 
on the 16 th of August, 18S0, in the 20-feet reflector at 
Slough.) Of these, the former are distinguished by 
that ruddy colour which characterizes the light of this 
planet (which always appears red and fiery), and in- 
dicates, no doubt, an ochrey tinge in the general soil, 
like what the red sandstone districts on the Earth may 
possibly offer to the inhabitants of Mars, only more 
decided. Contrasted with this (by a general law in 
optics), the seas, as we may call them, appear greenish.^ 
^ese spots, however, are not always to be seen equally 
distinct, though, when seen, they oiler always the same 
appearance. This may arise from the planet not being 
entirdy destitute of atmosphere and doudst; and what 
adds greatly to the probability of this is the appearance 
of white spots at its poles, — one of which ap* 

pears in our figure, — which have been cogjertuied with 
a great^deal of probabDity to be snow; aa toey disap- 

^ I have noCtoed the phemomcnadeicribcd in the textonnumyoecMlone, 
but never mote divtinct than on the occaa&on when the dnwlns wai made 
ttam which the figure In Plate I. i« engraved. Author. 

t It hat been aurmlaed to have a very txteniiTa abnoaphett, but on no 
lumolentor even plauattAe grounds. 

T 4 
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pear when tliey have been long exposed to the tun, 
and ftctegreatest when just emerging from the long 
nighsil^ thetr polar winter. By watching the spots 
during a whole night, and on successive nights, it is 
found that Mars has a rotation on an axis inclined about 
SO® 18' to the ecliptic, and in a period of 24^ 59® 21* 
in the same direction as the earth's, or from west to 
cast. The greatest and least apiiarent diameters of Mars 
are 4" and 18", and its real diameter about 4100 miles. 

(438.) We come now to a much more magnificent 
planet, Jupiter, the largest of them all, being in dia- 
meter no less than 87,000 miles, and in bulk exceeding 
that of the Earth nearly 1300 times. It is, moreover, 
dignified by the attendance of four moons, satellites, or 
secondary planets, as they are called, wliich constantly 
accompany and revolve about it, as the moon does round 
the earth, and in the same direction, forming with tlieir 
principal, or primary, a beautiful miniatured system, 
entirely analogous to that greater one of which their 
central body is itself a member, obeying the same laws, 
and exemplifying, in the most striking and instructive 
manner, tlie prevalence of the gravitating power as the 
ruling principle of their motions: of these, however, 
we shall speak more at large in the next chapter. 

( 439 .) The disc of Jupiter is always observed to be 
crossed in one certain direction by dark bands or belts, 
presenting the appearance, in Plate 1. fig. which 
represents this planet as seen on the 23d of September, 
1832, in the 20-feet refiector at Slough. These belts 
arb, however, by no means alike at all times ; they vary 
in breadth and in situation on the disc (though never 
in their general direction). They have even been seen 
broken up, and distributed over the whole face of the 
planet; ^|^hjs phicnomenon is extremely rare. Branches 
running out from them, and subdivisions, as repre. 
sented in the figure, as well as evident dark ^ts, like 
strings of douds, are by no means uncommon; and 
from these, attentively watched, it is concluded that 
this planet revolves in the surprisingly short period of 
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9^ 55^ 50^ (lid. time)^ on sn axis perpendicular to tlie 
direction of the belts. Now^ it is very remarkijl^^ and 
forms a most satisfactory comment on the reasdipig by 
which the spheroidal figure of the earth has been 
deduced from its diurnal rotation^ that the outline of 
Jupiter's disc is evidently not circular^ hut elliptic, being 
considerably flattened in the direction of its axis of 
rotation. This appearance is no optical illusion, but is 
authenticated by micrometrical measures, which assign 
107 to 100 for the proportion of the equatorial and 
polar diameters. And to confirm, in the strongest man. 
ner, the truth of those principles on which our former 
conclusions have been founded, and fully to authorize 
their extension to tliis remote system, it appears, on 
calculation, that this is really the degree of oblateness 
which corresponds, on those principles, to the dimen. 
sions of Jupiter, and to the time of his rotation. 

(4‘40.^ i'he parallelism of the belts to the equator of 
Jupiter, their occasional variations, and tlie appearances 
of spots seen upon them, render it extremely probable 
that they subsist in the atmosphere of the planet, form- 
ing tracts of comparatively clear sky, determined by 
currents analogous to our trade-winds, but of a much 
more steady and decided character, as might indeed be 
expected from the immense velocity of its rotation. 
That it is the comparatively darker ^dy of the plane:.* 
which appears in the belts is evident from this, — 
that they do not come up in all their strength to the 
edge of the disc, but fade away gradually before they 
reach it. (See Plate 1. Jiy, 2.) The apparent diameter 
of Jupiter varies from 30'^ to 46". 

(441.) A still more wonderful, and, as it maybe 
termed, elaborately artificial mechanism, is displayed in 
Saturn, the next in order of remoteness eo %ipiter, to 
which it is not much inferior in magnitude, bdng about 
79,000 miles in diameter, nearly 1000 times exceeding 
the earth in bulk, and subtending an apparent angu- 
lar diameter at the earth, of about This stu. 

pendous globe, besides being attended by no less than 



282 


A TliKATlSE ON AbTRONOMY. CHAP. VIU. 

seven satellites^ or moons^ is surrounded nvtth two broad 
ilat^ exl^eroely thin rings^ concentric with the planet 
and with each other ; both lying in one plane^ and se. 
parated by a very narrow interval from each other 
throughout their whole circumference^ as they arc from 
the planet by a much wider. The dimensions of this 


extraordinary appendage are as follows — 

Miles. 

Exterior diameter of exterior ring ss 176418. 

Interior ditto - - » 155*272. 

Exterior diameter of interior ring s-- 1 51690. 

Interior ditto - - =117359. 

Equatorial diameter of the bmly = 79160. 

' Interval between the planet and interior ring = 1 9090. 
Interval of the rings • -• - = 1791. 

Thickness of the rings not exceeding 100. 


The figure 3 . Plate I.) represents Saturn sur* 
rounded by its rings, and having its body stuped with 
dark belts, somewhat similar, but broader and less 
strongly marked than those of Jupiter, and owing, 
doubtless, to a similar cause. That the ring is a solid 
opake substance is shown by its throwing its shadow on 
the body of the planet, on the side nearest the sun, and 
on the other side receiving that of the body, as shown 
in the figure. From the parallelism of the belts with 
the plane of the ring, it may be conjectured that the axis 
of rotation of the planet is perpendicular to that plane ; 
and this conjecture is confirmed by the occasional ap. 
pearance of extensive dusky spots on its surface, which, 
when watched, like the spots on Mars or Jupiter, in. 
dicate a rotation in 29 ’” 17^ about an axis so 
situated. 

(442.) The axis of rotation, like that of the earth, 
preserves ks ^parallelism to itself during the motion of 
the planet in its orbit ; and the same is also the case 
with the ring, whose plane is constantly inclined at the 

* Thc«e dimensions are rnlculaUsd iVom T*rof. Struve*s micrometric mea- 
•iires, Mem. Art. Soc. iii. 301. with Uic exception of the thickness of the 
riDff, which is I'oiicluded from my own obtervations, during its gradual 
extinction now in progress. The interval of the lingi here statedis poi* 
fiiUy somewhat too small. 
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same, or very nearly the same, angle to that of the 
orbit, and, therefore, to the ecliptic, viz. 28° 8o ' ; and 
intersects die latter plane in a line, which makes an angle 
with the line of equinoxes of 170°. So that the 
of the ring lie in 170° and 350° of longitude. 
VThenever, then, the planet happens to be situated in 
one or other of* these longitudes, as at A B, the plane 
of the ring passes through the sun, which then illumin- 
ates only the edge of it ; and as, at the same moment, 
owing to the smaUncss of the earth's orbit, £, compared 
with that of Saturn, the earth is necessarily not far out 
of that plane, and must, at all events, pass through it 
a little before or after that moment, it only then appears 
to us as a very fine straight line, drawn across the disc, 
and projecting out on each side, indeed, so very thin 
is the ring, as to be quite invisible, in this situation, to 
any but telescopes of extraordinary power. This remark- 
able phenomenon takes place at intervals of 1 5 years, but 
tlie disappearance of the ring is generally double, the 
earth passing twice through its plane before it is carried 
past our orbit by the slow motion of Saturn. This second 
disappearance is now in progress *. As the planet, how- 
ever, recedes from these points of its orbit, the line of 
sight becomes gradually more and more inclined to the 
plane of the ring, which, according to the laws of per- 
spective, appears to open out into an ellipse which at- 
tains its greatest breadth when the planet is from 
either noile, as at C D. Supposing the ujiper part of 
the figure to be north, and the lower south of the 
ecliptic, tlie north side only of the ring will he seen 
when the planet lies in the semicircle A C B, and the 
southern only when in A D B. At the time of the 
greatest opening, the longer diameter is 
double the shorter. 

(443.) It will naturally be asked how so stupendous 
an arch, if composed of solid and ponderous materials, 

• The disappearance of the ring! Ii complete, when ohaenred with a 
reSector eighteen inchea in aperture, and twenty Ibet in ibeel length 
April 29, Author. 


dn^st exactly 
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can be sustained without collapsing and filling in upon 
the planet ? The answer to this is to be found in 
a swift rotation of the ring in its own planc^ which 
obaervation has detected^ owing to some portions of the 
ring being a little less bright than others^ and assigned 
its period at 10^ 29 “ 17", which, from what we know 
of its dimensions, and of the force of gravity in the 
Saturnian system^ is very nearly the periodic time of a 
satellite revolving at the same distance as the middle of 
its breadth. It is the centrifugal force, then, arising 
from this rotation, which sustains it ; and, although no 
observation nice enough to exhibit a (hderence of periods 
between the outer and inner rings have hitherto been 
made, it is more than probable that such a difference 
does subsist as to place each independently of the 
other in a similar state of equilibrium. 

(444.) Although the rings are, as we have ^aid, very 
nearly concentric with the body of Saturn, yet recent 
micrometrical measurements of extreme delicacy have 
demonstrated that the coincidence is not mathematically 
exact, but that the center of gravity of the rings oscil- 
lates round that of the body describing a very minute 
orbit, probably under laws of much complexity. Trifling 
as tliis remark may appear, it is of the utmost im- 
portance to the stability of the system of the rings. 
Supposing tliem mathematically perfect in their circular 
form, and exactly concentric with the planet, it is de^ 
monstrable that they would form (in spite of their cen- 
trifugal force) a system in a unstable equilihrium^ 

which the slightest external power would subvert — 
not by causing a rupture in the substance of the rings 
— but by precipitating them, unbroken, on the sur- 
face of tl^ planet. For the attraction of such a ring 
or rings bn a point or sphere excentrically situate with- 
in them, is not the same in all directions, but tends to 
draw the point or sphere towards the nearest part of the 
ring, or away from the center. Hence, supposing the 
body to become, from any cause, ever so little excentric 
to the ring, the tendency of their mutual gravity is, 
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not to correci but to increase tbis exeentricity^ and to 
bring the nearest parts of them togetlier. (See Clfep. XI.) 
Now^ external powers^ capable of producing sudi ex. 
centricity, exist in the attractions of the satellites^ as 
will be shown in Chap. XI. ; and in order that the 
system may be iftabiej and possess within itself a 
power of resisting the first inroads of such a tend- 
ency^ while yet nascent and feeble, and opposing 
them by an opposite or maintaining power, it has 
been sliown that it is sufficient to admit the rings 
to be /oadfid in some part of their circumference, either 
by some minute inequality of thickness, or by some 
portions being denser than others. Such a load woSid 
give to the whole ring to which it was attached some- 
what of the character of a heavy and sluggish satellite, 
maintaining itself in an orbit with a certain energy 
sufficient^to overcome minute causes of disturbance, and 
establish an average bearing on its center. But even 
without supposing the existence of any such load,—* 
of which, after all, we have no proof, — and granting, 
therefore, in its full extent, the general instability of 
the equilibrium, we think we perceive, in tlie periodi- 
city of all the causes of disturbance, a suffident gua- 
rantee of its preservation. However homely be the 
illustration, we can conceive notliing more apt in every 
way to give a general conception .of this maintenance 
of equilibrium under a constant tendency to subversion, 
than the mode in which a practised hand will sustain 
a long pole in a perpendicular position resting on the 
finger by a continud and almost imperceptible varu 
ation of the point of support. Be that, however, 
as it may, the observed oscillation of the centers of 
the rings about that of the planet is in^itself the 
evidence of a perpetual contest between^ coftservative 
and destructive powers — both extremely feeble, but 
so antagonizing one another as to prevent the latter 
from ever acquiring an uncontrdlahle ascendancy, and 
rushing to a catastrophe. 

(445.) This is al^ the place to observe, that, as die 
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STnallest difierence of velocity between &ie body and 
rings lAust infallibly precipitate the latter on the 
former^ never more to separate, (for they would, once 
in contact, have attained a position of stable equilUtrium, 
and be held together ever after by an immense force;) 
it follows, either that their motions in their common 
orbit round the sun must have been adjusted to each 
other by an external power, with the minutest precision, 
or that the rings must have been formed about the 
planet while subject to their common orbitual motion, 
and under the full and free influence of all the acting 
forces. 

(446.) The rings of Saturn must present a magni- 
ficent spectacle from those regions of tlic planet which 
lie above their enlightened sides, as vast arches spanning 
the sky from horizon to horizon, and holding an in- 
variable situation among the stars. On the other hand, 
in the regions beneath the dark side, a solar eclipse of 
fifteen years in duration, under their shadow, must 
afibrd (to our ideas) an inhospitable asylum to animated 
beings, ill compensated by the faint light of the satellites. 
But we shall do wrong to judge of the fitness or un. 
fitness of their condition from what we see around us, 
when, perhaps, the very combinations which convey to 
our minds only images of horror, may be in reriity 
theatres of tlie most striking and glorious displays of 
beneficent contrivance. 

( 447 .) Of Uranus we sec nothing but a small round 
uniformly illuminated disc, without rings, belts, or 
discernible spots. Its apparent diameter is about 
from which it never varies much, owing to the smallness 
of our orbit in comparison of its own. Its real diameter 
is about 85,000 miles, and its bulk 80 times that of 
the earthf^ It is attended by satellites — two at least, 
probably five or six — whose orbits (as will be seen in 
the next chapter) offer remarkable peculiarities. 

(448.) If the immense distance of Uranus precludes 
all hope of coming at much knowledge of its physical 
state, the minuteness of the four ultra-zodiacal planets 
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is no leas a ^Mur to any enquiry into theirs. One of 
them^ Pallas^ is said to have somewhat of a Aebulout 
or hazy appearance^ indicative of an extensive and 
vaporous atmosphere, little repressed and condensed by 
the inadequate gravity of so small a mass. No doubt 
the most remarkable of their peculiarities must lie in 
this condition Uf their state. A man placed on one of 
them would spring with ease 60 feet high, and sustain 
no greater shock in his descent than he does on the earth 
from leaping a yard. On such planets giants might exist ; 
and those enormous animals, which on earth require 
the buoyant power of water to counteract their weight, 
might there be denizens of the land. But of such 
speculation there is no end. 

( 44 , 9 .) We shall close this chapter with an illustra** 
tion calculated to convey to the minds of our readers a 
general inupression of the relative magnitudes and dis- 
tances of the parts of our system. Choose any well 
levelled field or bowling green. On it place a globe, 
two feet in diameter; this will represent the Sun; 
Mercury will be represented by a grain of mustard seed, 
on the circumference of a circle l6’4 feet in diameter 
for its orbit ; Venus a pea, on a circle 284 feet in 
diameter ; the Earth also a pea, on a circle of 480 feet ; 
Mars a rather large pin's head, on a circle of 654 feel ; 
Juno, Ceres, Vesta, and Pallas, grains of sand, in orbits* 
of from 1000 to 1200 feet; Jupiter a moderate-sized 
orange, in a circle nearly half a mile across ; Saturn a 
small orange, on a circle of four-fifths of a mile ; and 
(I inus a full sized cherry, or small plum, upon the 
<A i:umference of a circle more than a mile and a half 
iuMameter. As to getting correct notions on fhia 
Bt^:|ect by drawing circles on paper, or, stil^wgrse, from 
those very childish toys called orreries, it is oift of the 
question. To imitate the motions of the planets, in the 
above mentioned orbits. Mercury must describe its own 
diameter in 41 seconds ; Venus, in 4*^ 14*; the Eartli, 
in 7 minutes; Mars, in 4"* 48*; Jupiter, in £*» 56 ®; 
Saturn, in S** 18®; and Uranus, in 2k l6®. 
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CHAP. IX. 

OF THE SATELLITES. 

or THE MOOy, AS A SATELUTR OF THE EARTH. — OSKIRAI 
raoxiMirr or sATELurKS to their primaries, ahd 

COMSEQUEMT SUBORDINATION OF THEIR MOTIONS. — MASSES 
OF THE FRlMAlllES CONCLUDED FROM THE iIrIODS OF tAEIR 

SATELLITES. AIAINTKNANCE OF KEFLER's LAWS IK THE 

SECONUAHT SYSTEMS. OF JUFITEU’s SATELLITES. THEIR 

BCLirSCS, ETC. VELOCITY OP LIGHT DISCOVERED BY THEIR 

MEANS. SATELLITES OF SATURN — OF URANUS. 


(4»50.) Ik the annual circuit of the earth about the sun, 
it is constantly attended by its satellite, the mqon, which 
revolves round it, or rather both round their common 
center of gravity; while this center, strictly speaking, 
and not eitiier of the two bodies thus connected, moves 
in an elliptic orbit, undisturbed by their mutual action, 
just as the center of gravity of a large and small stone 
tied together and flung into the air describes a parabola 
as if it were a real material substance under the earth^s 
sttiBCtion, while the stones circulate round it or round 
each other, as we choose to conceive the matter. 

(451.) If we trace, therefore, the rea/ curve actually 
described by either the moon’s or earth's centers, in 
virtue of this compound motion, it will appear to be, 
not an exact ellipse, but an undulated curve, like that 
represented in tlie figure to article 272., only that the 
number of undulations in a whole revolution is but 18, 
and thei( actual deviation from the general dlipse, 
which s8rv j them as a central line, is comparatively 
very much smaller— so much so, indeed, Uiat every 
part of the curve described by either the earth or mopii 
is concave towards the sun. The excursUms of tbe 
ecs^x on either side of the dlipse, indeed, are so rery 
small as to be hardly appredaUk In fact, the center 
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of gravity 0 / the earth and moon lies always the 
surface of the earth, so that the monthly orbit described 
by the earth’s center about the common center of gravity^^ 
is comprehended within a space less than the size of 
the earth itself. The effect is, nevertheless, sensible, in 
producing an apparent monthly displacement of the sun 
in longitude, of a parallactic kind, which is called the 
menstrwil equation; whose greatest amount is, however, 
less than the sun's horizontal parallax, or than 

(1.52.) Th|»moon, as we have seen, is about 6() radii of 
the earth distant from the center of the latter. Its 
proximity, therefore, to its center of attraction, thus 
estimated, is much greater than that of tlie planets to 
the sun; of which Mercury, the nearest, is 84, and 
Uranus 2026 solar radii from its center. It is owing 
to this proximity that the moon remains attached to 
the earth as a sateDite. Were it much fartlier, the 
feebleness of its gravity towards the earth would he in. 
adequate to produce that alternate acceleration and 
retardation in its motion about dm sun, which divests it 
of the character of an independent planet, and keeps its 
movements subordinate to tliose of the earth. The one 
would outrun, or he left behind the other, in their 
revolutions round the sun (by reason of Kepler s tliird 
law), according to the relative dimensions of their 
heliocentric orUts, after which the whole influence of 
the earth would he confined to producing some con* 
siderable periodical disturbance in the moon's motion, as 
it passed or was passed by it in each synodical revo- 
lution. 

(453.) At the distance at which the moon really is 
from us, its gravity towards the earth is actually less 
than towards the sun. That this is the ^pas^ appears 
sufficiently from what we have already stated, that the 
moon's real path, even when between the earth and sun, 
is concave towards the latter. But it will appear still 
more clearly if, from the known periodic times « in which 

* R mid rnuUi.of two oibiU (luppoied circular), P and p the periodic 

u 
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the eart^ completes its annual and the moo^ its monthly 
orhit^ and from the dimensions of those orbits^ we cal- 
culate the amonnt of deflection^ in either^ from their 
tangents^ in equal very minute portions of time^ as one 
second. These are the versed sines of the arcs described 
in that time in the two orbits^ and these are the mea- 
Bures' of the acting forces which produce those deflec. 
tions. If we execute the numerical calculation in the 
case before us^ we shall find 2 * 209 : 1 for the propor- 
tion in which the intensity of the force which retains the 
earth in its orbit round the sun actually exceeds that 
by which the moon is retained in tte orbit about the 
earth. 

(454.) Now the sun is 400 times more remote from 
the earth than the moon is. And^ as gravity increases 
as the squares of the distances decrease^ it must follow 
that, at equal distances, the intensity of solar ^ould ex. 
ceed that of terrestrial gravity in the above proportion, 
augmented in the further ratio of the square of 400 
•to 1 ; that is, in the proportion of 354936 to 1 ; and 
therefore, if we grant that the intensity of the gravi- 
tating energy is commensurate with the mass or inertia 
of the attracting body, we are compelled to admit the 
mass of the earth to be no more than 
of the sun. 

(455.) The argument is, in fact, nothing more than a 
recapitulation of what has been adduced in Chap. VI 1. 
(art. 380.) But it is here re-introduced, in order to show 
how the mass of a planet which is attended by one or 
more satellites can be as it were weighed against the 
sun, provided we have learned from observation the 
dimeniiions of the orbits described by the planet about 
the sun,^(>nd hy the satellites about the planet, and also 


R #■ 

Umea ; thcntlie BrciinqiMition<A andii} aie to aaeh other at to ; 
and iliice the versed tinea are aa the •qnaret of the area directly 
radii inversely, these are to each other -pg to ~ j and in thia ratio 
arc the forcea acting on the revolTing bodlea In either caaoi 
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tbe periods fin which these orbits are respectively de» 
scribed. It is by this method iitat the Aasses of 
Jupiter, Saturn, and Uranus have been ascertained.^ 
(Sm Synoptic Table.) 

(456.) Jupiter, as already stated, is attended by . four 
satellites, Saturn by seven ; and Uranus, certainly by two, 
and perhaps by six. These, with their respective prt. 
mariea (as the central planets are called), form in each 
case miniature systems, entirely analogous, in the general 
laws by which their motions are governed, to the great 
system in which the sun j^cts the part of the primary, 
and the planets of its satellites. In each of these sysu 
terns the laws of Kepler are obeyed, in the sense, that 
is to say, in which they are obeyed in the planetary 
system — approximately, and without prejudice to the 
efiects of mutual perturbation, of extraneous interference, 
if any, apd of that small but not imperceptible correction 
which arises from the elliptic form of the central body. 
Their orbits are circles or ellipses of very moderate 
eccentricity, the primary occupying one focus. Abou( 
this they describe areas very nearly proportional to tbe 
times; and the squares of the periodical times of all the 
satellites belonging to each planet are in proportion to 
each other as the cubes of their distances. The tables at 
the end of the volume exhibit a synoptic view of the dis- 
tanoea and periods in these several systems, so far as they 
are at present known; and to all of them it will be ob- 
served that the same remark respecting their proximity to 
their primaries holds good, as in the case of the moon, 
with a similar reason for such close connection. 

(457.) Of these systems, however, the only one whidi 
has been studied wi^ great attention is that of Jbpiter; 
partly on account of riie conspicuous bi;^|ncy of its 
four attendants, which are large enough to oiler visible 
and measurable discs in telescopes of great power ; but 
more for the sake of their eclipses, which, as they 
happoi very frequently, and are easily observed, afford 
signals of considerable use for the determination of ter- 
restrial longitudes (art. 218.). This method, indeed, 

V 2 
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until tl^own into the back ground by the greater^ 
facility and exactness now attainable bydunar observ- 
ationa (art. 219 .), '^>^8 the best, or rather- the only one 
which could be relied on for great distances and long 
intervala. 

(458.) The satellites of Jupiter revolve frolh west to 
east (following the analogy of the planets and moon), in 
planes very nearly, although not exactly, coincident with 
that of the equator of the planet, or parallel to its belts. 
This latter plane is inclined 3^ 5' 30'' to the orbit of 
the planet, and is therefore but little different from the 
plane of the ecliptic. Accordingly, wc sec their orbits 
projected very nearly into straight lines, in ivhich they 
appear to oscillate to and fro, sometimes passing before 
Jupiter, and casting shadows on his disc, (which are 
very visible in good telescopes, like small round ink 
spots,) and sometimes disappearing behind the* body, or 
being eclipsed in its shadow at a distance from it. It 
is by these eclipses that we are furnished with accurate 
data for the construction of tables of the satellites' 
motions, as well as with signals for determining differ- 
ences of longitude. 

( 459 .) The eclipses of the satellites, in their general 
conception, are perfectly analogous to those of the 
moon, but in their detail they differ in several parti- 
culars. Owing to the much greater distance of Jupiter 
from the sun, and its greater magnitude, the cone of its 
shadow or umbra (art. 355.) is greatly more elongated, 
and of far greater dimension, than that of the earth. 
The satellites are, moreover, much less in proportion to 
their |pmary, their orbits less inclined to iUt ecliptic, 
and of^comparatively) smaller dimensions, than is the 
ease with dhq moon. Owing to these causes, the three 
interior satellites of Jupiter pass through the shadow, 
and are totally eclipsed, every revolution; and the 
fourth, though, from the greater indination of its orbit, 
it sometimes escapes eclipse, and may occasionally grase 
as it were the border of the diadow, and suffer partial 
eclipse, yet this is compsiativdy Tare, and, ordinarily 
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speaking, its eclipses happen, like those of the rest, each 
revolution. - * 

(460.) These eclipses, moreover, are not seen, as is the 
case with those of the moon, from the center of their 
motion, but from a remote station, and one whose situ* 
atijon with respect to the line of shadow is variable. 
This, of course,' makes no difference in the timefi of the 
ctlipses, but a very great one in their visibility, and in 
their apparent situations with respect to the planet at 
the moments of their entering and quitting the shadow 



(461 .) Suppose S to be the sun, £ the earth in its orbit 
£ F G K, J Jupiter, and a b the orbit of one of its 
satellites. The cone of the shadow, then, will have its 
vertex at X, a point far beyond the orbits of all the 
satellites; and the penumbra, owing to the great distance 
of the sun, and the consequent smallness of the angle 
its disc subtends at Jupiter, will hardly extend, within 
the limits of the satellites’ orbits, to any perceptible 
distance beyond the shadow, — for which reason it is not 
represented in the figure. A satellite revolvi^ from 
west to east (in the direction of the arrows]Parill be 
eclipsed when it enters the shadow ata,^u| not sud. 
denly, because, like the moon, it has a considerable 
diameter seen iVom the planet; so that the time elapsing 
from the first perceptible loss of light to its total ex« 
tinction will be that which it occupies in describing 
about Jupiter an angle equal to its apparent diameter 
as seen from the center of die planed or rather some* 
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what m^rc^ by reason of the penumbra ; ^and the same 
remark applies to its emergence at h* Now^ owing to 
the difference of telescopes and of eyes, it is not possible 
to assign the precm moment of incipient obscuration, or 
of total extinction at a, nor that of the first glimpse of 
light falling on the satellite at b, or the complete re- 
covery of its light. The observation of an eclipse, then, 
in which only the immersion, or only the emersion, is 
seen, is incomplete, and inadequate to afford any precise 
information, theoretical or practical. But, if both the 
immersion and emersion can be observed with the same 
telescope^ and by the same person, the interval of the 
times will give the duration, and their mean the exact 
middle of the eclipse, when the satellite is in the line 
S J X, f.e. the true moment of its opposition to the 
sun. Such observations, and such only, are of use for 
determining the periods and other particulars of the 
motions of the satellites, and for affording data of any 
material use for the calculation of terrestrial longitudes. 
The intervals of the eclipses, it will be observed, give 
the synodic periods of ^e satellites* revolutions ; from 
which their sidereal periods must be concluded by the 
method in art. 353. (note.) 

(462.) It is evident, from a mere inspection of our 
figure, that the eclipses take place to the west of the 
planet, when the earth is situated to the west of the 
line 8 J, t. e. before the opposition of Jupiter ; and to 
the east, when in the other half of its orbit, or after 
the opposition. When the earth approaches the op« 
position, the visual line becomes more and more nearly 
coincident with tlie direction of the shadow, and the 
apparent place where the eclipses happen will be con. 
tinually noirsr and nearer to the body of the planet. 
IVlien tfie earth comes to F, a point determined by 
drawing 6 F to touch the body of the planet, the 
emersions will cease to be visible, and will thenceforth, 
to an equal distance on the other side of the opposition, 
happen behind the disc of the planet. When ^e earth 
arrives at G (or H) the immersion (or emersion) will 
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happen at thfc very edge of the visible disc^ and when be- 
tween G and H (a very small space) the satellites will 
pasa uneclipaed h^ind the limb of the planet. 

(46s.) When the satellite comes to m, its shadow will 
be thrown on Jupiter, and will appear to move across 
it as a black spot till the satellite comes to n. But 
the satellite itself will not appear to enter on the disc 
till it comes up to the line drawn from £ to the eastern 
edge of the disc, and will not leave it till it attains a 
similar line drawn to the western edge. It appears 
then that the shadow wiU precede the satellite in its 
progress over the disc before the opposition, and vice 
verad. In these transits of the satellites, which, with 
very powerful telescopes, may be observed wuth great 
precision, it frequently happens that the satellite itself 
is discernible on the disc as a bright spot if projected 
on a dajfk belt; but occasionally also as a dark spot 
of smaller dimensions than the shadow. I'his curious 
fact (observed by Schroeter and Harding) has led to a 
conclusion that certain of the satellites have occasion, 
ally on their own bodies, or in their atmospheres, obscure 
spots of great extent. We say of great extent ; for tlie 
satellites of Jupiter, small as they appear to us, are 
really bodies of considerable size, as the following com- 
parative table will show.* 



Mean apparent 
diameter. 

Diameter in 
milce. 

Masi.f 

Jupiter 

S8«-327 

87000 

1*0000000 

1st satellite 

1*105 

2508 

0*0000173 

2d 

0*911 

2068 

0-00002.82 

3d 

1*488 

3377 

0*0000885 

4tb ■ 

1 

1*273 

2890 

0*0000427 

L* 


(464.) An extremely singular relation sabaiats be. 
tween the mean angular velocities or mean motiana (as 
they are termed) of the three first aatellitea of Jupiter. 

• Struveb Mem. Ait Sac. UL 901. f Ls|dacc. Mec. CoL llv. vlil \ 27 
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If the\iean angular velocity of the firs, satellite he 
added ten twice that of the third, the sum will equal 
three times that of the second. From this relation it 
follows, that if from die mean longitude of the first 
added to twice that of the third, be subducted three 
times that of the second, the remainder wiU always be 
the same, or constant, and observation informs us that 
this constant is 180*^, or two right angles ; so that, the 
situations of any two of them being given, that of the 
third may be found. It has been attempted to account 
for this remarkable fact, on the theory of gravity by their 
mutual action. One curious consequence is, that these 
three satellites cannot be all eclipsed at onoe ; for, in con- 
sequence of the last-mentioned relation, when the second 
and third lie in the same direction from the centre, the 
first must lie on the opposite; and therefore, when the 
first is eclipsed, the other two must lie b^ii^een the 
sun and planet, throwing its shadow on the disc, and 
viee versd. One instance only (so far as wc are aware) 
is on record when Jupiter has been seen without sateU 
litea; viz. by Molyneux, Nov.2. (old style) 1681.* 
( 465 .) The discovery of Jupiter's satellites by Galileo, 
one of the first-fruits of the invention of the telescope, 
forms one of the most memorable epochs in the history 
of astronomy. The first astronomical solution of the 
great problem of ** the longitude** — the most impor- 
tant for the interests of mankind which has ever been 
brought under the dominion of strict scientific principles, 
dates immediately from their discovery. The final and 
conclusive establishment of the Copernican system of 
astronomy may also be considered as referable to the 
discovery and study of this exquisite miniature system, 
in which the laws of the planetary motions, as ascer. 
tained byil&e/ier, and especially that which connects 
their periods and distances, were speedily traced, and 
found to be satisfactorily maintained. And (as if to 
accumulate historical interest on this |)oint) it is to the 
observation of their eclipses that we owe tlie grand dis- 
» Moljn(icux,Oi>Ucs,p^Z7i. 
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covery of tht aberration of lights and the consequent 
determination of the enormous velocity of thatfHronder. 
ful element. This we must explain now at large. 

(466.) The earth's orbit being concentric with that 
of Jupiter and interior to it (see fig. art. 460.)^ their 
mutual distance is continually varying, the variation 
extending from the sum to the difference of the radii of 
the two orbits, and the diiference of the greater and 
least distances being equal to a diameter of the earth's 
orbit. Now, it was observed by Roemer, (a Danish 
astronomer, in 1675,) on comparing together observ. 
ations of eclipses of satellites during many succes- 
sive years, thAt^^e eclipses at and about the opposition 
of Jupiter its nearest point to the earth) took place 
too sooi^aooncTy that is, than, by calculation from an 
average^ he expected them ; whereas those which hap. 
pened when tlie earth was in the part of its orbit most 
remote from Jupiter were always too late. Connecting 
the observed error in their computed times with the 
variation of distance, he concluded, that, to make the 
caTculation on an average period correspond with fact, 
an allowance in respect of time behoved to be made 
proportional to the excess or defect of Jupiter's distance 
from the earth above or below its average amount, and 
such that a difference of distance of one diameter of 
the earth's orbit should correspond to l6“^ 26**6 of 
time allowed. Speculating on the probable physical 
cause, he was naturally led to think of the gradual instead 
of an instantaneous propagation of light. This ex- 
plained every particular of the observ^ phenomenon, 
but the velocity required (1 92000 miles per second) 
was so great as to startle many, and, at aU events, to 
require confirmation. This has been i^orded since, 
and of the most unequivocal kind, by BraoWy's dis- 
covery of the aberration of light (art. 275.). The 
velocity of light deduced from this last phenomenon 
differs by less than one eightieth of its amount from 
that calculated from the eclipses, and even this differ- 
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ence will no doubt be destroyed by nicet and more 
rigorously reduced observations. 

(467*) The orbits of Jupiter’s satellites are but 
little eccentric^ those of the two interior^ indeed^ have 
no perceptible eccentricity; their mutual action pro. 
duces in them perturbations analogous to those of the 
planets about the sun^ and which liave been diligently 
investigated by Laplace and others. By assiduous obi 
servatiou it has been ascertained that they are subject 
to marked fluctuations in respect of brightness^ and that 
these fluctuations happen periodically, according to 
their position with respect to the sun. From this it 
has been concluded, apparently with reason, that they 
turn on their axes, like our moon, in periods equal to 
their respective sidereal revolutloDs about their primary. 

(468.) The satellites of Saturn have been much less 
studied than those of Jupiter. The most distant is by 
far the largest, and is probably not much inferior to 
Mars in size. Its orbit is also materially inclined to 
the plane of the ring, with which those of all the rest 
nearly coincide. It is the only one of the number 
whose theory has been at all enquired into, further than 
suffices to verify Kepler’s law of the periodic times, 
which, holds good, mutatia mutandis, and under the 
requisite reservations, in this as in the system of Jupiter. 
It exhibits, like those of Jupiter, periodic defalcations 
of light, which prove its revolution on its axis in the 
time of a sidereid revolution about Saturn. The next 
in order (proceeding inwards) is tolerably conspicuous ; 
the three next very minute, and requiring pretty power- 
ful telescopes to see them ; while the two interior satel- 
lites, whi<^ just skirt the edge of the ring, and move 
exactly in^its^ plane, have never been discerned but with 
the most 'powerful telescopes which human art has yet 
constructed, and then only under peculiar circumstances. 
At tile time of the disappearance of the ring (to ordi- 
nary telescopes) they have been seen* threading like heacU 


• my Father, in 1789, with s reflecttiu; teleieigie four in apsK^^ 
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the almost in^nitely thin fibre of light to which it is then 
reduced^ and for a short time advancing off it At either 
end^ speedily to return^ and hastening to their nabitual 
concealment. Owing to the obliquity of the ring^ and 
of the orbits of the satellites to Saturn's ecliptic^ there 
are no eclipses of the satellites (the interior ones ex. 
cepted) until near the time when the ring is seen 
edgewise. 

(4690 exception of the two interior satel.* 

lites of Saturn^ the attendants of Uranus are the most 
difficult objects to obtain a sight of, of any in our 
system. Two undoubtedly exist, and four more have 
been suspected. These two^ however^ offer remarkable 
and, indeed, quite unexpected and unexampled pecu. 
liarities. Contrary to the unbroken analogy of the 
whole planetary system — whether of primaries or se- 
condaries — the planes of their orbits are nearly 
pendiculdr to tfie ecliptic, being inclined no less than 
78° 58' to that plane, and in these orbits their motions 
are retrograde; that is to say, their positions, when pro- 
jected on the ecliptic, instead of advancing /rom weet to 
east round the center of their primary, as is the case 
with every other planet and satellite, move in the oppo- 
site direction. Their orbits are nearly or quite circular, 
and they do not appear to have any sensible, or, at 
least, any rapid motion of nodes, or to have undergone 
any material change of inclination, in the course, at ' 
least, of half a revolution of their primary round the 
sun.* 

* Th«ie anomalous peculiarities, srhich seem to occur at the extreme 
limits of our system, as if to prepare us for further departure from all its 
analogic in other systems which may yet be disclosed to us, have hitherto 
rested oil the sole testimony of their discoverer, who alone had ever ob- 
tained a view of them. 1 am happy to be able, fWmi my own observations 
from 18S8 to the present time, to confirm in the amplest manner my 
Father's results. -mJMhar, 
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CHAP. X. 

OP COMETS. 

CRIiAT KUMBER OE RECORDEn COMETS. — THE UMBER OF VN- 

JUECORUED PROBABLY MUCH GREATER. UESCKIPTION OF A 

COMET. COMETS WITHOUT TAILS. INCREASE AND DECAY OF 

TUEIR TAILS. « THEIR MOTIONS. -.-SUBJECT TO THE GENERAL 

LAWS OP PLANETARY MOTION. ELEMENTS OP THEIR ORBITS. 

PERIODIC RETURN OF CERTAIN COMETS. HALLEY's. 

ENCKB*S.— BIELa’s. — DIMENSIONS OF COMETS. — THEIR RE- 
SISTANCE BY THF. ETHER, GRADUAL DECAY, AND POSSIBLE 
DISPERSION IN SPACE. 

(470.) Tbe extraordinary aspect of comets^ their rapid 
and seemingly irregular motions^ the unexpected man- 
ner in 'which they often burst upon us, and the imposing 
magnitudes which they occasionally assume^ have in all 
ages rendered them objects of astonishment^ not uumixed 
with superstitious dread to the uninstructed^ and an 
enigma to those most conversant with the wonders of 
creation and the operations of natural causes. Even 
now^ that we have ceased to regard their movements as 
irre^ar^ or as governed by other laws than those which 
retain the planets in their orbits their intimate nature^ 
and the offices they perform in the economy of our 
system^ are as much unknown as ever. No rational 
or even plausible account has yet been rendered of those 
immensely voluminous appendages which they bear about 
with theray aiid which are known by the name of their 
tails, (diough improperly, since they often precede them 
in their motions,) any more than of several other singu. 
larities which they present. ' " 

(471.) The number of comets which have bceitlutxo* 
nomically observed, orof whichnotices have been recorded 
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in history;^ is itery greats amounting to Reveral hundreds*; 
and when we consider that in the earlier ages df astro* 
nomy^ and indeed in more recent timesj before the inven- 
tion of the telescope, only large and conspicuous ones 
were noticed ; and that, since due attention has been paid 
to the subject, scarcely a year has passed without the 
observation of one'or two of these bodies, and that some- 
times two and even tliree have appttred at once ; it will 
he easily supposed that their actud mmber must be at 
least many thousands. Multitudes, indeed, must escape 
all observation, by reason of their patlis traversing only 
tliat part of the heavens which is above the horizon in the 
daytime. Comets so circumstanced can only become 
visible by the rare coincidence of a total eclipse of the 
sun, — a coincidence which happened, as related by Seneca, 
60 years liefore Christ, when a large comet was actu- 
ally obse];vc(i very near the sun. Several, however, 
stand on record as having been bright enough to be 
seen in the daytime, even at noon and in bright sun- 
shine. Such were the comets of 1402 and 1532, and 
that which appeared a little before the assassination of 
Caisar, and was {afterwards) supposed to have pre- 
dicted, his death. 

(472.) That feelings of awe and astonishment should 
be excited by the sudden and unexpected appearance of 
a great comet, is no way surprising ; being, in fact, ac- 
cording to the accounts we have of such events, one of 
the most brilliant and imposing of all natural pheno- 
mena. Comets consist for the most part of a laige 
and splendid but ill defined nebulous mass of light, called 
the head, which is usually much brighter towards its 
center, and offers the appearance of a vivid nucleus, like 
a star or planet. From bead, and in a direction oppo* 
site to that in which the sun is situated from Ufe comet 


pcstAloffUM \a the Almagest of Rioeloll ; Piiigr£*i Cometognphla ; 
Astron. vol. iii. ; Astroncmisebe Ahhandlungen, No. L (which 
m elements of all the orbits of comets which hare been computed 
taMpite of Us TMiblication, USS) ; also, a catalomie m in progress, by 
tm'whs^r. J. Hussey. J^ond. & Ed. Phil. Mjm. voT. il. Nd 9. ef see. In a 
IM by Lalande flrom the let voL of the Tables de Berlin, 7W a 
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appear to diverge two atreams of lighf> which grow 
broade^and more diffused at a distance from the head, 
and which sometimes close in and unite at a little distance 
behind it, sometimes continue distinct for a great part of 
their course ; producing an effect like that of the trains 
left by some bright meteors, or like the diverging fire 
of a sky-rocket (only without sparks or perceptible 
motion). This is the tail. This magnificent appendage 
attains occasionally an immense apparent lengtli. Aris- 
totle relates of the tail of the comet of 371 A. o., that it 
occupied a third of the hemisphere, or 60^ ; that of a. d. 
l6lS is stated to have been attended by a train no less 
than 104° in length. The comet of l680, the most ce- 
lebrated of modern times, and on many accounts the 
most remarkable of all, with a head not exceeding in 
brightness a star of the second magnitude, covered with 
its tail an extent of more than 70° of the heavens, or, 
as some accounts state, 90°. The figure (Jig, 2., 
Plate II.) is a very correct representation of the comet of 
1819 — by no means one of the most considerable, but 
the latest which has been conspicuous to the naked eye. 

(473.) The tail is, however, by no means an invariable 
appendage of comets. Many of the brightest have been 
observed to have short and feeble t^ls, and not a few have 
been entirely without them. Those of 1585 and 1763 
offbred no vestige of a tail ; and Cassini describes the 
comet of l682 as being as round and as bright as Ju- 
piter. On the other hand, instances are not wanting of 
comets Aimished wdth many tails or streams of diverging 
light. That of 1744 had no less than six, spread out 
like an immense fan, extending to a distance of nearly 
30° in length. The taila of comets, too, are often curved, 
bending, in raneral, towards the region which the comet 
has left,^a8 u moving somewhat more slowly, or as if 
resisted in their course. 

(474.) The smaller comets, such as are visible in 
telescopes, or with difficulty by the naked eye, ancppch 
are by far the most numerous, offbr very frequenuyt^U) 
appearance of a tail, and appear only as round or some* 
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what oval vapproofi masaca, more dense towards the center, 
where, however, they appear to have no distinct nucleus, 
or any thing wldch seems entitled to be considered as a 
solid body. Stars of the smallest magnitudes remain dis. 
tincdy visible, though covered by what appears to be the 
densest portion of their substance ; although the same 
stars would be cotftpletely obliterate by a moderate fog, 
extending only a few yards from the surface of the 
earth. And since it is an observed fact, that even those 
larger comets which have presented the appearance of a 
nucleus have yet exhibited no though we cannot 

doubt that they shine by the reflected solar light, it follows 
that even these can only be regarded as great masses 
of thin vapour, susceptible of being penetrated through 
their whole substance by the sunbeams, and reflecting 
them alike from their interior parts and from their sur- 
faces. ]^or will any one regard this explanation as 
forced, or feel disposed to resort to a phosphorescent 
quality in the comet itself, to account for the pheno- 
mena in question, when we consider (what will be 
hereafter shown) the enormous magnitude of the space 
thus illuminated, and the extremely small moss which 
there is ground to attribute to tliese bodies. It will then 
be evident that the mpst unsubstantial clouds which float 
in the highest regions of our atmosphere, and seem at 
sunset to be drenched in light, and to glow throughout 
their whole depth as if in actual ignition, without any 
shadow or dark side, must be looked upon as dense and 
massive bodies compared with the filmy and all but 
spiritual texture of a comet. Accordingly, whenever 
powerful telescopes have been turned on ^ese bodies, 
they have not failed to dispel the illusion which attri- 
butes solidity to that more condensed par^ ^ the bead, 
which appears to the naked eye as a nudeutf^ though 
it is tni^ that in some, a very minute stdlar point hao 
indicating the existence of a solid body. 

Jt k in all probability to the feeble coercion of 
power of their gaseous parts, by the gravitation 
of ib smiiU a central mass, that we most attribute this 
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extraordinary developement of the atmospheres of comets* 
If the eOrth, rctaininj^ its present size^ were reduced^ by 
any internal change (as by hollowing out its central 
parts) to one thousandth part of its actual mass^ its 
coercive power over tlie atmosphere would be dimu 
nished in the same proportion^ and in consequence the 
latter would expand to a thousand times its actual bulk ; 
and indeed much me owing to the still farther dimi- 
nution of gravity^ by the recess of the upper parts from 
the center. 

(476.) That the I'Jlninous part of a comet is something 
in the nature of a smoke^ fog^ or cloudy suspended in a 
transparent atmosphere^ is evident from a fact which has 
be^ often noticed^ viz. — that the portion of the tail 
where it comes up to^ and surrounds the head^ is yet 
separated from it by an interval less luminous^ as if sus- 
.•tained and kept off from contact by a transparent stratum^ 
as we often see one layer of clouds laid over another 
with a considerable clear space between. These^ and most 
of the other facts observed in the history of comets, 
appear to indicate that the structure of a comet, as seen 
in section in the direction of its length, must be that of 
a hollow envelope, pf a parabolic form, enclosing near its 
vertex the nucleus and head, sometliing as represented 
in the annexed figure. This would account for the ap. 



parent diyitu»n of the tail into two principal lateral 
branches,* the envelope being oblique to the line of sight 
at its bwders, and therefore a greater depth of illu- 
minated matter beilig ^ere exposed to the eye^ In 
all probability, lunvever, they admit great vaiietiei of 
structure, and among thorn may very possiU]^^ IxMlies 
4 tf widely different physical conatitutioD. ' • 
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(477-) come now to speak of the motions of co- 
mets. These are apparently most irregular and d&pricious. 
Sometimes they remain in sight for only a few days^ at 
others for many months; some move with extreme 
downess^ others with extraordinary velocity ; while 
not unfrequentlyjh the two extremes of apparent sjieed 
are exhibited by the same comet in different parts of its 
course. The comet of 1472 dfacribed an arc of the 
heavens of 1 20° in extent in a single day. Some pursue 
a direct^ some a retrograde^ and otiiers a tortuous and 
very irregular course ; nor do they confine themselves;, 
like the planets^ within any certain region of the heaven 
but traverse indifferently every part. I'heir variations 
in apparent size^ during the time they continue visible, 
are no less remarkable than those of their velocity ; 
sometimes they make their first appearance as faint and 
slow moving objects, with little or no tail ; hut by ctWJ 
grees accelerate, enlarge, and throw out from them this 
appendage, which increases in length and brightness till 
(as always happens in such cases) they approach the sun, 
and are lost in his beams. After a time they again 
emerge, on the other side, receding from the sun witli a 
velocity at first rapid, but gradually decaying. It is 
after thus passing the sun, and not till then, that they 
shine forth in all their splendour, and that their tails 
acquire tlieir greatest lengtli and developement ; thus 
indicating plainly the action of the sun's rays as the ex- 
citing cause of that extraordinary emanation. As they 
continue to recede from the sun, their motion diminishes 
and the tail dies away, or is absorbed into the head, 
which itself grows continually feebler, and is at length 
altogether lost sight of, in by far the greater number of 
cases never to be seen more. % • 

(478.) Without the due furnished by the theory of 
gravitation, the enigma of these seemingly irregular and 
caprieious movements might have remained for ever un- 
tesdred* Bat Newton, having demonstrated the pos. 
siblKty..i^. any conic section whatever bdng described 
about die mm, by a body revolving under the dominion 

X 
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of that law, immediately perceived the aj^licability of 
the geneftil proposition to the case of cometary orbits : 
ttiid the great comet of JfiSO, one of the most remark.- 
able on record, hot!) for the immense length of its tail 
and for the'exeoKsive closeness of its approach to the 
sun (within one sixth of the diameter of that luminary), 
afforded him an excellent oppi^rlunity for tlie trial of 
his theory. The success of the attempt was complete. 
He ascertained that this comet described about the sun 
as its focus an elli])tic orbit of so great an excentricity 
as to he uudistiiiguishable from a i)arah()la, (which is 
the extreiTU', or limiting form of the ellipse when the 
axis becomes infinite,) and that in this orbit the areas 
described about the sun wt*re, as in the planetary ellipses, 
proportional to the times. . The representation of the 
apparent motions of this comet by such an orbit, 
throughout its whole observed course, was fo^iml to be 
as complete as those of the motions of the planets 
in their nearly circular paths. From that time it be- 
came a received Imth, that the motions of comets arc 
regiilaUul by the smne general laws as those of the 
f»laiiets, — the difference of the cases consisting only in 
the extravagant elongation of their elli[>ses, anddn the 
absence of any limit to the inclinations of their planea 
to that of the ecliptic, — or any general coincidence in 
the direction of their motions from west to cast, rather 
than from east to west, like what is observed among the 
planets. 

(17,9 ) It is a problem of pure geometry, from the 
general laws of elliptic or parabolic motion, to find the 
bituutiou an4l dimensions of the ellipse or paralxila which 
shall represent the motion of any given comet. In ge- 
neral, thr^ ormplete observations of its right ascension 
and deefination, with the times at which they were 
ina<le) suffice for the solution of tins problem, (which is, 
however, a very difficult one,) and for the determination 
of the elements of the orbit. These consist, mutiUit 
mutandis, of the same data as are required com... 

jmtation o*> Uie motion of a planet ; andy^^diiKa deter. 
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niinedj it m^'ornes very easy to coinparc them witl\ the 
whole observed course of the comet, by a pfticess ex- 
actly similar to that of art. 4526., and thus at once to 
ascertain their correctness, and to put to die severest 
trial the truth of those general laws on whicli all such 
calculations are founded. 

(480.) For tile most part, it is found that the motions 
of comets may he sufficiently well represented by para- 
bolic orbits, — is to say, ellipses whose axes are of 
infinite length, or, at least, so very long that no appre- 
ciable error in the calculation of their motions, during all 
the time they continue visible, would he incurred hy 
supposing them actually infinite. The parabola is that 
conic section wliich is the limit between the elli]>se 
on the one hand, which returns into itself, and the 
liyperbola on the other, which runs out to infinity. 
A come% therefore, which should describe an elliptic 
path, however long its axis, must hava visited the sun 
before, and mu.^t again return (unless disturljed) in some 
determinate period, — but should its orbit be of the liy- 
perbolic character, when once it had passed its peri- 
iielion, it could never more return within the sphere of 
our observation, but must runoff to visit other systems, 
or be lost in the immensity of space, A very few comets 
have been ascertained to move in hyperbolas, but many 
more in ellipses. Thc^ then, in so far as their mints 
can remain unaltered by the attractions of the planets, 
must be regarded as permanent members of our system, 

(481.) The most remarkable of these is tlie comet of 
Halley, so called from the celebrated Edmund HaUey, 
who, on calculating its elements from its perihelion pas» 
sage in 1682, when it appeared in great splendour, with 
a tall 30^' in length, was led to conclude its identity with 
t|ie great comets of 1531 and l607, whose el&aents he 
had also ascertained. Tlie intervals of these successive, 
apparitions being 75 and 76 years, Halley was encou- 
ra^ to predict its re-appearance about the year 1759^ 
So lenvpj^le a prediction could not fail to attract the 
attenti<i||wi^astronQm and, as the time approached, 

X 2 
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it became extremely interesting to know Vbether the 
attractioifs of tlie larger planets might not materially in. 
terfere with its orbitual motion. The computation of 
their influence from the Newtonian law of gravity, a 
most difficult and intricate ])iece of calculation, was un- 
dertaken and accomplished by Clairaut, who found that 
the action of Saturn would retard its return by 100 
days, and that of Jupiter by no less than 518, making 
in all 6l8 days, by which the expected return would 
happen later than on the supposition of its retaining an 
unaltered period, — and that, in short, the time of the 
expected perihelion passage would take place within a 
month, one way or other, of the middle of April, 17^>9* 
— It actually happened on the li:^th of March in that 
year. Its next return to the perihelion has been calcu- 
lated by Messrs. Damoiseau and Pontecoulant, ahd 
fixed by the former on the fourth, and by tho> latter on 
the seventh of November, 1835, about a month or six 
weeks before whicli time it may be expected to Y)ccome 
visible in our hemisphere; and, as it will approach 
pretty near the earth, will very probably exhibit a bril- 
iiant appearance, though, to judge from the successive 
degradations of its apparent size and tlie length of its 
tail in it9 several returns since its first appearances on 
recofrd, (in 1305, 1 456, &c.) we are not now to expect any 
of those vast and awful phenomena which threw our re- 
mote ancestors of the middle ages into agonies of supersti. 
tious terror, and caused public prayers to be put up in the 
churches against the comet and its malignant agencies. 

(48S.) More recently, two comets have been especially 
identified as having performed several revolutions about 
tlie sun, and as having been not only observed and re- 
corded in eprtirceding revolutions, without knowledge of 
this remarkable peculiarity, but have had already several 
times their returns predated, and have scmpulousiy 
kept to their appointments. The first of these is 
comet of Eucke, so called from Professor Encke, of Ber- 
lin, who first ascertained its periodical return* It re- 
volves in an ellipse of great excentricity, inclined at an 
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angle of abc|^t 13^ 22' to the plane of the ecliptic, and 
in the short period of 1207 days, or about ^.!| years. 
This remarkable discovery was made on the occasion of 
its fourth recorded apiiearance, in 1 81 9* From the ellipse 
then calctdated by Kncke, its return in 1 822 was pre- 
dicted by him, and observed at Paramatta, in New South 
Wales, by M, Riimker, being invisible in Europe : since 
which it has been re-predicted, and re-observed in all the 
principal observatories, both in the northern and soutiiern 
hemispheres, in 1825, 1828, and 1882. Its next re- 
turn will be in 1885. * 

On comparing the intervals between the sue. 
ccssivc perihelion passages of this comet, after allowing 
in the most careful and exact manner for all the dis« 
turbances due to the actions of the planets, a very sin- 
gular fact has come to light, viz. that the periods are 
continually diminishing, or, in other words, the mean 
distance Trom the sun, or the major axis of the ellipse, 
dwindling by slow but regular degrees. This is evi- 
dently the effect which would be produced by a resist, 
ance experienced by the comet from a very rare ethereal 
medium pervading the regions in which it moves; for 
such resistance, by diminishing its actual velocity, would 
diminish also its centrifugal force, ancf thus give the sun 
more power over it to draw it nearer. Accordingly (no 
odier mode of accounting for the phirnomenon rin 
question appearing), this is the solution proposed by 
Enckc, and generally received. It will, therefore, pro- 
bably fall ultimately into the sun, should it not first be 
dissipated altogether, — a thing no way improlmble, 
when the lightness of its materials is considered, and 
which seems authorised by the observed fact of its having 
been less and less conspicuous at each re-j^pcarancc. 

(484.) The other comet of short period %hich has 
lately l)een discovered is that of Biekt^ so called from 
M. Biela, of Josephstadt, who first arrived at this in. 
teresting conclusion. It is identical with comets which 
app^red in 17B9» 179^> describes its mode- 

rately exoentric ellipse about the sun in 6| years ; an 
x3 
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the last apparition having taken place acccxrding to the 
predictioK in 1832, the next will be in 1838. It is 
a small insignificant comet, without a tail, or any ap- 
pearance of a soli<l nucleus whatever. Its orbit, by 
a remarkable coincidence, very nearly intersects that of 
the earth ; and had the latter, at the time of its passage 
in 1 832, been a month in advance of its actual place, it 
would have passed through the comet, — a singular ren- 
contre, ]ierhaj»s not unattended with danger.* 

(48/>.) C'omets in jiassing among and near the planets 
arc materially drawn aside from their courses, and in 
some cases have their orbits entirely changed. This 
is reinarkably tlie case with Jiii>iter, which seems by 
some strange fatality to be constantly in their way, 
and to serve as a perpetual stumbling block to them. 
In the case of the remarkable comet of 177^, which 
was found by Lexell to revolve in a moderate ellipse in 
the period of about 5 year.*?, and whose* return w'as pre- 
dicted by him accordingly, the prediction was dis- 
appointed by the comet actually getting entangled 
among the satellites of Jupiter, and being com. 
plctely thrown out of its orbit by the attraction of that 
])lanet, and force||l into a much larger ellipse. By tliis 
extraordinary rencontre, the motiom of the mtellites suf. 
fered not the ieast perceptihk deraiiifenimt, — a sufficient 
proof of the smallness of the comet’s mass. 

(4<86.) It remains to say a few words on the actual 
dimensions of comets. The calculation of the diameters 
of their heads, and the lengths and breadths of their tails. 


% Should colculation PKtAblt»h the faet of a resistance exiterienced also 
by this comet, the subject uf periodical comets vrill asaunie an cxtraordlnaiy 
ilcftrec of interest J t cannot he doubted that many mure will be discovered, 
and by tlicir resistance quebtioas will come to be decided, such as the 
following : — Wh^ is the law of dmsity of tli« resisting medium which 
surrounds thiSiiu^ Is it at rest or in motion V If the latter, m what dU 
rectiuu doeJ! it move? ('irciitHily round the sun, or traversing space ? If 
circularly, in what plane ? It is olivious that a arcular or vortlcuso motion 
of the ether would acceierate name nmirfj and retard othrrSt according 
as their revolution was, relative to such motion, direct or retre^adc. Suu 
posing the ncghlmurhood of the sun to be filled with a material fluid, it is 
not conceivable that the circulation of the planeti in it for ages should not 
have imiwcssed u|ion it some degree of rotation in Uieir own direcUon. 
And this may preserve them firoiD the estreme eflhcts of accumulatad le* 
siftaiica— Jn/Aor. 
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oflers not ihf slightest difficulty when once the elements 
of their orbits are known, for by these we know^their real 
distances from the earth at any time, and the true direc. 
tion of the tail, which wc see only foreshortened. Now 
calculations instituted on these principles lead to the 
surprising fact, that the comets are by far the most 
voluminous bpdies in our systern. The following arc 
the dimensions of some of those which have been made 
the subjects of such enquiry, 

(4J87.) The tail of the great comet of Ib’SO, imme- 
diately after its perihelion passage, was found by New- 
ton to have, been no less than 20000000 of leagues in 
length, and to have occupied only two days in its emis- 
sion from the comet’s body ! a decisive proof this of its 
being darted forth by some active force, the origin of 
which, to Judge from the direction of the tail, must be 
sought in the sun itself. Its greatest length amounted 
to 4l00l)000 leagues, a length much exceeding the 
W'hole interval between the sun and earth. The tail of 
the comet of 17%, extended lO’OOOOOO leagues, and 
that of the great comet of 1811, 3fiOO()f)6o. The 
portion of tlu* head of this last comprised within the 
transparent atmospheric envelope which separated it 
from the tail w'as 180000 leagues i# diameter. It is 
hardly conceivable that matter once projected to such 
enormous distances should ever be collected again by 
the feeble attraction of such a body as a rornet — ^ a 
consideration which accounts for the rapid progres- 
sive diminution of the tails of such as have been fre. 
qucntly observed. 

(488.) A singular circumstance has been remarked 
Tespectlng the change of dimensions of the comet of 
£ncke in its progress to and retreat from the sun ; viz. 
that the real diameter of the visible ud^Ol^y under- 
goes a rapid contraction as it approaelics, and an equally 
rapid dilatation as it recedes from the sun. M, Valz, 
who, among others, had noticed this fact, has accounted 
for it by supposing a real compression or condensation 
of volume, owing to the pressure of an ethereal medium 
X 4 
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|j;rowing more. dense in the sun's neighboui;)iocML It is 
very po8s|,ble, however, that the change may consist in no 
real expansion or coiidcnsatioii of volume (further than 
is due to tile convergence or divergence of the i|tfferent 
]jarabolas described by each of its molecules to or from 
a common vertex), but may rather indicate the alternate 
conversion of evaporable materials in the upper regions 
cf a transparent atmosphere, into the states of visible 
cloud and invisible gas, by the mere elFects of heat and 
cold. But it is time to quit a subject so mysterious, 
and open to such eridlesK speculation. 
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In ijfie progress of this work^ wc have more 
than once called the reader s attention to tlte txistence 
of inequalities in the lunar and planetary motions not 
included in the expression of Kepler's laws^ but in some 
sort supplementary to them^ and of an order so far 
» subordinate to those leading features of the celestial 
movements^ asAo require, for their detection, nicer ob- 
servations, and lunger continued comparison between 
facts and theories, than suffice for the establishment and 
verification of the elliptic theory. These inequalities 
ai’c known, in physical astronomy, by the name of per- 
turhatioiis. They arise, in the case of the primary 
planets, Jrom the mutual gravitations of these planets 
towards each other, which derange their elliptic motions 
round the sun ; and in that of the sccoqdaries, partly 
from the mutual gravitation of the secondaries of the 
same system similarly deranging their elliptic motions 
round their common primary, ami partly from the un- 
equal attraction of the sun on them and on their pri- 
mary. 'I'hese perturbations, although snndl, and, in 
most instaiqi^, insensible in short intervals of time, 
yet, wdicn a^umulated, as some of them may become, 
in the lapse of ages, alter very greatly the original 
elliptic relations, so as to render the same elements of 
tlie planetary orbits, which at one cpocli represented 
perfectly well their movements, inadequate and unsativ 
factory after long intervals of time. 

(490.) When Newton first reasoned his way from 
the broail features of the -celestial motions, up to die 
law of universal gravitation, as afiecting all matter, and 
rendering every particle in the universe subject to the 
influence of every other, he was not unaware of the 
ikn^ifications which this generalisation ^ould Induce 
into the results of a more partial and limifsd appli. 
cation of the same law to the revolutions of the planets 
about the sun, and the satellites about their primaries, 
as their only centers of attraction. So far from it, that 
his extraor^nary sagacity enabled him to perceive very 
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flistinctly liow several of tlie most important of the 
lunar inequalities take their origin, in this more general 
way of conceiving die agency of the attractive power, 
especially the retrograde motion of the nodes, and the 
direct revolution of the apsides of her orbit. And if 
lie did not extend his investigations to the mutual per- 
turbations of the planets, it was not for want of j)er- 
ceiving that such perturbations miu^t exist, and 
go the length of producing great derangements from the 
actual state of the system, but owing to the then unde- 
veloped state of the practical part of astronomy, wliich 
had not yet attained tlie precision requisite to make 
such an attempt inviting, or indeed feasible. M hat 
Newton left undone, however, his successors have ac- 
complished ; and, at this clay, there is not a singie 
perturbation, great or small, which observation has ever 
detected, which has not been traced up to its origin in 
the mutual gravitation of the parts of our system, and 
been minutely accounted for, in its numerical amount 
and value, by strict calculatiotj on Newton’s principles. 

(491.) (’alculations of this nature require a very 
high analysis for tlicir successful performance, such as is 
far beyond the scope and object of this work to attempt 
exhibiting. Tlie reader who would master them must 
prepare liimself for the undertaking by an extensive 
course of preparatory study, and must ascend by steps 
w^hieh we must not here even digress to point out. It 
w'ill be our object, in this cliapter, however, to give some 
general insight into the nature and manner of operation 
of the acting forces, and to point out what are the cir- 
cumstances which, in some cases, give them a^ high 
degree of efficiency — a sort of purvhaae on the balance 
of the systevi ; while, in others, with no less amount 
of iiitencuy, their effective agency in producing exten- 
sive and lasting changes is compensated or rendered 
abortive ; as well as to explain the nature of those ad- 
mirable results respecting the stability of our system, to 
which tile researches of geometers have conducted them ; 
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and whicb^ UBder the form of mathematical theorems of 
great beauty^ simplicity, and elegance, involve 4 he his- 
tory of the past and future state of the planetary orbits 
during ages, of which, contemplating the subject in this 
point of view, we neither perceive the beginning nor the 
' end. 

(492.) Were there no other bodies in the universe 
but the sun and one ]tlanet, the latter would describe an 
exact ellipse about the former (or both round their 
common centers of gravity), and continue to perform its 
revolutions in one and the same orbit for ever ; but the 
moment we adrl to our combination a third body, the 
attraction of this will draw both the former bodies out 
of their mutual orbits, and, by acting on them un- 
equally, -will disturb their relation to each other, and put 
an end to the rigorous and mathematical (exactness of 
their elliptic motions, either about one another or about 
a fixed point in space. From this way of propounding 
the subject, we see that it ia not the whole attraction of 
the newly introduced body which produces perturbation, 
hut the fffjffvrvnce of its attractions on the two originally 
present. 

(493.) (Compared to the sun, all tlie planeta are of 
extreme niinutenesH ; the mass of Jupiter, the greatest 
of them all, being not more than one 1300 t}) part that 
of the sun. 'fheir attractions on each other, therefore', 
are all very ft^eblc, compared with the presiding central 
power, and the eifects of their liisturbing forces are 
proportionally minute. In the case of tlie secondaries, 
the chief agent by which their motions are deranged is 
the sun itself, whose mass is indeed great, but whose 
disturbing influence is immensely diminished by their 
near proximity to their primaries, compared to their 
distances from the sun, which renders the dijf^ence of 
attractions on both extremdy small, compared to the 
whole amount. In this case, the greatest part of the 
sun's attraction, viz. that which is common to both, is 
exerted to retain both primary and secondary in their 
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common orbit about itself^ and prevent,. their parting 
company. The small overplus of force only acts as a 
disturbing power. Tiie mean value of this overplus^ 
in tlie case of the moon disturlxtrl by the sun, is edeu.. 
lated by Newton to amount to no higher a fraction 
than gravity at the earth's surface, or of 

tb0. principal force which retains the moon in its orbit. 

(494>.) From this extreme minutencBS of the inten. 
sides of the disturbing, compared to the principal 
forces, and die consequent smallness of their momentary 
edccts, it happens that we can estimate each of these 
effects separately, as if the others did not take place, 
witlioiU fear of inducing error in our conclusions be- 
yond the limits necessarily incident to a first approxi. 
mation. It is a principle in mechanics, immediately 
Aowing from the primary relations between forces and 
the motions they produce, that when a number of very 
minute forces act at once on a system, their joint effect 
is the sum or aggregate of their separate effects, at least 
within such limits, that the original relation of the 
parts of the system shall not have been materially 
changed by their action. Such effects supervening on 
die greater movements due to the action of the primary 
forces may be compared to the small ripplings caused 
by a thousand varying breezes on the broad and re. 
gular swell of a deep and rolling ocean, which run on 
as if the surface were a plane, and cross in all di- 
rections, without interfering, each as if the other had 
no existence. It is only when their effects become 
accumulated in lapse of time, so as to alter the pri- 
mary relations or data of the system that it becomes 
necessary to have especial regard to the changes cor- 
respondingly introduced into the estimation of their 
luomentaj) efficiency, by which the rote of the subse. 
quent changes is affected, and periods or cycles of 
immense length take their origin. From this consi- 
deration arise some of the most curious theories of 
physical astronomy. 
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(49*^.) ll^nce it is evident, that in estiniating die 
disturbing influence of several bodies forming % system, 
in which one has a remarkable preponderance over all the 
rest, wc need not embarrass ourselves with combinations 
of the disturbing powers one among another, unless 
where immensely long periods are concerned ; such as 
consist of many, thousands of revolutions of the Mies 
in question about tlielr common centers. So that, in 
eftect, the ]>roblem of the investigation of the perturb- 
ations of a system, however numerous, constitutt*d as 
ours is, reduces itself to that of a system of three bodies ; 
H predominant central My, a disturbing, and a dis- 
turbed ; the two latter of which may exchange deno- 
minations, according as the motions of the one or the 
other are the subject of enquiry. 

(49fi.) The intensity of the disturbing force is con- 
tinually varying, according to th(> relative situation of 
the disturl)ing and disturM body with respect to the 
sun. If the attraction of the disturbing body M, on 
die central body S, and the disturbed My P, (by 
which designations, for brevity, we shall hereafter indi- 
cate diem,) were equal, and acted in parallel lines, 
whatever might otherwise be its law of variation, there 
would be no deviation caused in the elliptic motion of P 
about S, or of each aMt the other. The case would 
be strictly that of art. 385, ; the attraction of M, so cir« 
cumstanced, being at every moment exactly analogous 
in its eflects to terrestrial gravity, wliich acts in parallel 
lines, and js equally intense on all bodies, great and 
small, fiut this is not the case of nature. Whatever 
is stated in the subsequent article to that last cited, of 
the disturbing effect of the sun and moon, is, mutatU 
mutandis, applicable to every case of pertiy^batian ; and 
it must be now our business to enter, somevfliat more 
in detail, into the general heads of the subject there 
merely hinted at 

(497.) We shall begin with that part of the dis. 
turbing force which tends to draw the dtaturbed My 
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out of the plane in which its orbit would, be performed 
if undiipurhed, and^ by so doing, causes it to describe a 
curve, of which no two adjacent portions lie in one 
plane, or, as it is called in geometry, a curve of double 
furvature. Suppose, then, A P N to lie the orbit which 
P would dcscriiie about S, if untlisturbed, and suppose 
it to arrive at P, at any instant of time, and to lie 
about to dcscril)e in the next instant the uiulisturbod 
arc Pp, which, prolonged in the direction of its tan- 
gent P 7 > R, will intersect the plane of the orbit M Lof 
tlie disturbing body, somewhere in the lino of nodes 
S L, supjwse in 11. This would be the case if M ex- 
erted no disturbing power. Rut sup])ose it to do so, 
then, since it draws botli S and 1* towards it, in directions 
not coincident with the plane of P’s t)rbit, it will cause 
them both, in the next instant of time, to quit that 
plane, hut tmeqiiafly : — first, because it docs not draw 
them both in parallel lines; secondly, because tJiey, 
being unequally distant from M, are unequally attracted 
by it, by reason of the general law of gravitation. 
Now, it is by the difference of the motions thus gene- 
rated that the relative orbit of V about S is changed ; 
so that, if wc continue to refer its motion to S as a 
fixed center, the disturbing part of the impulse, which 
it receives from M will impel it to deviate from the 
plane P S N, and describe in the next instant of time, 
not the arc P /», but an arc P g, lying either above or 
below P p, according to the preponderance of the forces 
exerted by M on P and S. 



(4f98.) The disturbing 
force acts in the plane of the 
triangle S P M, and may be 
considered as resolved into 
two ; one of which urges P 
yto or from S, or along the 
line S P, and, therefore, in- 
creases or diminishes, in so 
far as it is effective, the di- 
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rect attrartiyn of S or P ; the oflier alonp; a line 
PK, parallel to S M, and which nitty be regarded 
as either pulling P in the direction P K, or pushing 
it in a contrary direction ; these terms licing well un- 
derstood to have only a relative meaning as referring 
to a supposed fixity of S, and transfer of the whole 
effective power to P. The former of these forces, 
acting always in the jdane of P’s motion, cannot tend 
to urge it out of that plane: the latter only is so 
effective, and that not wholly ; another resolution of 
forovs being needed to estimate its effective part. But 
with this we shall not concern ourselves, the object here 
proposed being only to explain the manner in which the 
motion of the nodes arises, and not to estimate its 
amount. 

(4.99.) In the situation, or configuration, as it is 
termed, represented in the figure, the force, in the di- 
rection PT[\, is a pttUing foTCQ ; and as P K, being pa- 
rallel to S M, lies yjom the plane of P’s orbit (taking 
that of M's orbit for a ground plane), it is clear that the 
disturbed arc V q, described in the next mmnciit by P, 
must lie hdow V p, Wlien prolonged, therefore, to in- 
tersect the plane of Ms orbit, it will meet it in a point 
r, Mind B, and the line 8 r, which will be the line of 
intersection of the plane S P q, (now, for an instant, 
that of P's dislurlied motion,) or its new line of nodes . 
will fall behind S K, the undisturbed line of nodes ; that 
is to say, the line of nodes will liave retrograded by the 
angle R 8 r, the motions of P and jM being regarded as 
direct. 

(500.) Suppose, now, M to lie to tlie left instead of 
the right of tlie line of nodes, P retaining its situation, 
tlien will the disturbing force, in the direction P K, tend 
to raise P out of its orbit, to throw P q above% p, and 
r in advance of R. fu this configuration, then, the 
node will advance ; but so soon as P passes the 
node, and comes to the lower side of M's orbit, although 
tbe same disposition of the forces will snbsist, and P q 
will, in consequence, continue to lie above P p, yct^ in 
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this case, the littltf arc P q will have to be pydonged htivk^ 
wards tminect our/yrownrf plane, and, when so prolonged, 
will lie helovf the similar prolongation of P;;, so that, 
in thia case again, the node will retrograde. 

|js!<^501.) Thus we sec that the eflbct of the disturbing 
force, in the differont states of configuration whicli tlie 
bodies P and M may assume with respect to the node, 
is to keep the line of nodes in a continual state of flue, 
tuatioti to and fro : and it will depend on the excess of 
cases favourable to its advance over those which favour 
its recc-ss, in an average of all the possible configurations, 
whetlwr, on the whole, an advance or recess of tlic node 
shall take place. 

(/i(/2.) If the orbit of M be very large compared 
with that of P, so large that M P may, without material 
error, be regarded as paruUcl to M S, which is the case 
with the moon’s orbit disturbed by the sun, it will he 
very readily seen, on an examination of all the possible 
varieties of configuration, and having due regard to the 
direction of the disturbing force, that during every 
single complete revolution of P, the cases favourable to 
a retrograde motion of the node preponderate over those 
of a contrary tendency, the retrograilation taking place 
over a larger extent of the whole orbit, and being at the 
same time more rapid, owing to a more intense anti 
favourable action of the force than the recess. Hence 
it follows that, on the whole, during every revolution of 
the moon about the earth, the nodes of her orbit reeede 
on the ecliptic, conformable to experience, with a velo. 
city varying from lunation to lunation. The amount of 
this ret^radation, when calculated, as it may be, by 
an exact estimation of aU the acting forces, is found 
to coincide ^ith jierfcct precision with that immediately 
derived^lrom ob^rvation, so that not a doubt can sub- 
sist as to this being the real {trocess by which so re- 
markable an effect is produced. 

(503.) Theoretically speaking, we cannot estimate 
correctly the recess of the intersection of the moon’s 
orbit with the ecliptic, fVoro a mere consideration of 
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the disturbAiee of one of these planes. It js a com* 
pound phenomenon; both planes are in motion witli 
respect to an imaginary fixcrl ediptic^ and, to obtain the 
compound effect, we must also regard the eartli as 
turbed in its relative orbit about die sun by tlie mc^. 
But, on account of the excessive distance of the sun, the 
intensity of ih6 moon's attraction on it is quite evanes- 
cent, compared with its attraction on the earth ; so that 
the perturbative effect in tl^ case, which is the differ- 
ence of the moon’s attraction on the sun and eartli, is 
equal to the whole attraction of the moon on the earth, 
llie effect of this is to produce a monthly displacement 
of the center on either side of the ecliptic, whose; amount 
is easily calculated by regarding their common center of 
gravity as lying strictly in the ecliptic. From this it 
appears, that the displacement in question cannot ex- 
ceed a small fraction of the earth’s radius in its whole 
amount ; and, therefore, that its momentary variation, 
on which the motion of the node of the ecliptic on the 
moon's orbit depends, must be utterly insensible. 

(504.) It is otherwise with the mutual action of the 
planets. In this case, both the orbits of the disturbed 
and disturbing planet must be regarded as in motion. 
Precisely on the above stated principles it may be shown, 
that the effect of each planet's attraction on the orbit ^ 
of every other, is to cause a retrogradation of the 
node of the one orldt on the other in certain conflgur- 
ations, and a recess in others, terminating, like that of 
the moon, on the average of many revolutions in a re- 
gular retrogradation of the node of each orbit on every 
other. But since this is the case with every pair into 
which the planets can be combined, the yiotion ulti- 
mately arising from their joint action on any cl^ orbit, 
tsidiig into ihe account the different situations of all 
their planes^ beoomea a angular and complicated phe- 
Qomenon, whoae law cannot be very easily express^ in 
wordsj thoo^ reducible to strict numerical statement, 
and b^g in iimt a mere geometrical result of what ia 
above fitated. 

Y 
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(505.) The nodes of all the planetary tnrbits on the 
true ecliptic then are retrograde^ although (which is a 
most material circumstance) they are not all so on a fixed 
j^ne^ such as wc may conceive to exist in the planetary 
^stem^ and to be a plane of reference unaffected by their 
mutual disturbances. It is^ however, to the ecliptic, that 
we are under the necessity of referring their movements 
from our station in the system ; and if we would trans- 
fer our ideas to a fixed plane, it becomes necessary to 
take account of the variation of the ecliptic itself, pro- 
duced by the joint action of all the planets. 

(506.) Ov.’ing to the smallness of the masses of the 
planets, and their great distances from each other, the 
revolutions of their nodes are excessively slow, being in 
every case less than a single degree per century, and in 
most cases not amounting to half that quantity. So far 
as the physical condition of each planet is concerned, it 
is evident that the position of tlieir nodes can be of little 
importance. It is otherwise with the mutual inclina- 
tions of iheir orbits, witli respect to each other, and to 
the equator of each. A variation in the position of the 
ecliptic, for instance, by which its pole should shift its 
<Ustance from the pole of the equator, would disturb our 
seasons. Should the plane of the earth's orbit, for in- 
stance, ever be so changed as to bring the ediptic to 
coincide with the equator, we should have perpetual 
spring over all the world; and, on the other hand, ^ould 
it coincide with a meridian, the extremes of summer 
and winter would become intolerable. The enquiry, 
then, of the variations of inclination of the planetary 
orbits inter ee, is one of much higher practical interest 
than those of their nodes. 

(507.} Kefening to the figure of art. 498., it is evi- 
dent that the plane S P 9 , in which the disturbed body 
moves during an instant of time from its quitting P, is 
differently inclined to the orint of M, or to a fixed 
plane, from the original or undisturbed plane PSp. The 
difference of absolute position of these two planes in qpaoe 
is the angle made between die planes P S R and P S 
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and is thertfore calculable by spherical trigonometry, 
when the angle R S r or the momentary re<^ss of the 
liode is known, and also the inclination of the planes of 
the orbits to each other. We perceive, tlien, that between 
the momentary change of inclination, and the morneh. 
tary recess of the noile there exists an intimate relation, 
and that the research of the one is in fact bound up in 
that of the other. This may be, perhaps, made clearer, 
by considering the orbit of M to be not merely an im. 
aginary line, but an actual circular or elliptic hoop of 
some rigid material, without inertia, on which, as on a 
wire, the body P may slide as a bead. It is evident 
that the position of this hoop will be determined at any 
instant, by its inclination to the ground plane to which 
it is referred, and by the place of its intersection there, 
with, or nocie. It will also be determined by the mo. 
mentary Erection of P s motion, which (having no 
inertia) it must obey ; and any change by which P 
should, in the next instant, alter its orbit, would be 
equivalent to a shifting, bodily, of the whole hoop, 
changing at once its inclination and nodes. 

( 508 .) One immediate conclusion from whali has 
been pointed out above, is that where the orbits, as in 
the case of the planetary system and the moon, are 
slightly inclined to one anoUier, the momentary variations 
of the inclination are of an order much inferior in 
nitude to those in the place of the node. This is evi. 
dent on a mere inspection of our figure, the angle R P r 
being, by reason of the small inclination of the planes 
S P R and R S r, necessarily much smaller than the 
angle R S r. In proportion as the planes of the orbits 
are brought to coincidence, a very trifling angular 
movement of P p about P S as on axis make a 
great variation in the situation of the point r, #here its 
prolongation intersects the ground plane. 

(6O9.) To pass from the momentary changes which 
take place in Ae relations of nature to the accumulated 
effects produced in considerable lapses of time by the 
continue action of the same causes, under circumstanceK 

V 2 
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varied by these very efFects, is die businese of the in« 
tegral caRulus. Without going into any calculations^ 
however, it will be easy for us to trace, by a few casesj 
the varying influence of differences of position of the 
disturbing and disturbed body with respect to each other 
and to the node, and from these to demonstrate the two 
leading features in this theory — the periodic nature of 
the change and re-establishment of the original indina. 
dons, and the small limits within which these changes 
are confined. 


H 



(510.) Case 1. — When the disturbing body M is 
situated in a direction perpendicular to the line of 
nodes, or the nodes are in quadrature it : M being 
the disturbing body, and S N the line of nodes, the dis- 
turbing force will act at P, in the direction P K ; being 
a pulling force when P is in any part of the semi- 
circle HAN, and a pushing force in the whole of the 
opposite semicircle. And it is easily seen that this force 
is greatest at A and B, and evanescent at H and N. 
Hence, in the whole semicircle H A, P g will lie bdow 
P p, and being produced backwards in the quadrant 
H A, and forwards in A N, vnll meet the circle 8b N a 
in the p^aie of M*s orbit, in points behind the nodes 
S N, the nodes being retrograde in both cases. But die 
new inclination of the disturbed orbit is, in the former 
case, P A, w ich is less than P H a ; and in the latter, 
P P o, which is greater than P N o. In the other semU 
circle the direction of the disturbing force is changed ; 
hut that of the modon, with respect to the plane of 
Al’s orbit, being also in each quadrant revei^^ the 
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same variattons of node and inclination will be caused. 
In this situation of then^ the nodes rec^e during 
every part of the revolution of but the inclination 
diminishes throughout the quadrant S increases again 
by the same identical degrees in the quadrant A de* 
creases throughout the quadrant N 64 and is finally 
restored to its pristine value at S. On the average of a 
revolution of supposing M unmoved^ the nodes will 
have retrograded with their utmost speedy but the in- 
clination will remain unaltered 


•r 



(511.) Case 2. — Suppose tlie disturbing body now 
to be fixed in the line of iiodes^ or the nodes to be in 
^yzygyy as in the annexed figure. In this situation 
the direction of the disturbing forcc^ which is always 
parallel to S M, lies constantly in the plane of P's orbits 
and therefore produces neither variation of inclination 
nor motion of nodes. ^ 

(512.) Case 3. — Let us take now an intermediate 
aituation of and indicating by the arrows the direc- 
tions of the disturbing forces (which are pulling ones 
throughout all the semi-orbit which lies towards Mj and 
pushing in the opposite^) it will readily appear that the 
nasoning of art. 510. will hold good in alWthat part 
of the orbit which lies between T and N, and between 
V and H, but that the eiS^ct will be reversed by the 
reversal of the direction of the motion with respect to 
the plane of M's orhit^ in the intervala H T and N V. 
In these portions, however, the disturbing force » 
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feebler than in ;;tl)e others, being evanescenrt in the line 
of quadratures T V, and increasing to its maximum 



in the si/rpgics a h. The nodes then will recede ra- 
pidly in the former intervals, and advance feebly in 
the latter ; but since, as H approaches to a, the disturb- 
ing force, by acting obliquely to the plane of Pa orbit, 
is again diminished in efficacy, still, on the avi/rage of a 
whole revolution, tlie nodes recede. On the other hand, 
the inclination will now diminish during the motion of 
P from T to c, a point ilistant from the node, while 
it increases not only during its whole motion over the 
quadrant c X, but also in the rest of its half revolution 
N V, and so for the other half. There will, therefore 
be an uncompensated increase of inclination in tills po- 
sition of M, on the average of a whole revolution. 

(513.) But tills increase is converted into diminu- 
tion when the line of nodes stands on the other side of 
S ]ft,«or in the quadrants V 6, T a ; and still regarding 
M as fixed, and supposing that the change of circum. 
stances arises not from the motion of M but from that 
of the node, it is eWdent that so soon as the line of 
nodes in its i/^trograde motion has got past a, the cir- 
cumstancrV will be all exactly reversed, and the inclin- 
ation will again be augmented in each revolution by the 
very same steps taken in reverse order by wliich it 
before diminished. On the average, therefore, of a 
WHOLE REVOLUTION OF THE NODS, the inclination will 
be restored to its original state. In fact, so hr as the 
mean or average effect on the inclination is concerned. 
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instead of supposing M fixed in one p«ntion, vrc might 
conceive it at every instant divided into fimr e^al ])arts^ 
and placed at equal angles on either side of the line of 
nodes, in which case it is evident tliat the effect of two 
of the parts would be to precisely annihilate that of the 
others in each revolution of P. 

(514*.) In what is said, we have supposed M at rest ; 
but the same conclusion, as to the mean and final results, 
holds good if it be supposed in motion: for in the 
course of a revolution of the nodes, which, owing to the 
extreme smallness of their motion, in the case of the 
planets, is of immense length, amounting, in most cases, 
to several hundred centuries, and in that of the moon 
is not less than 237 lunations, the disturbing body ]V# 
is presented hy it» own motion, over and over again, in 
every variety of situation to the line of nodes. Before 
the nodS can have materially changed its position, M has 
performed a complete revolution, and is restored to its 
place ; so that, in fact (that small difference excepted 
which arises from the recess of the node in one synod* 
ical revolution of M), we may regard it as occupying at 
every instant every point of its orbit, or rather as having 
its mass distributed uniformly like a solid ring over its 
whole circumference. Thus the compensation which 
we have shown would take place in a whole revolution 
of the node, does, in fact, take place in every synodfc 
period of M, that minvte difference only excepted which 
is due to the cause just mentioned. This differetice, 
then, and not tite whole disturbing effect of M, is what 
prodnees the effective variation of the inclinations, whe* 
ther of the lunar or planetary orbits ; and this difference, 
which remains uncompensated’ by tlie motion of M, is in 
its turn compensated by the motion of the fiode during 
its whole revolution. 

(515.) It it dear, therefore, that the total variation of 
the planetary inclmations must be comprised within very 
narrow limits indeed. Geometers have accordingly de- 
monstrated, by an accurate analysis of all the circum. 
itittces, and an exact estimation of the acting forces 
V 4 
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Uiat such is li^case ; and this is what Is meant by 
asserdtig 1he.4ibMlity of the planetary system as to the 
mutual inclinations of its orbits. By the researches of 
Lagrange (of whose analytical conduct it is impossible 
here to give any idea)^ the following elegant theorem has 
been demonstrated : — 

If the matis of every planet he multiplied hy the 
square root of the major ams of ite orbit, and the product 
hy tlui square of the tangent of its inclination to a fired 
plane, the sum of all these products will he constantly the 
same under the influence of tfmr mutual attraction,*^ 
If the present situation of the plane of the ecliptic be 
taken for diet fixed plane (the ecliptic itself being va. 
riable like the odier orbits)^ it is found that this sum is 
actually very small : it must^ therefore^ always remain 
so. I'his remarkable theorem alone^ then^ would gua. 
rantee the stability of the orbits of the greater {>lanets ; 
but from what has above been shown^ of the tendency 
of each planet to work out a compensation on every 
other^ it is evident that the minor ones are not excluded 
from this beneficial arrangement. 

(516.) Meanwhile^ there is no doubt that the plane 
of the ecliptic does actually vary by the actions of the 
planets. The amount of this variation is about 48'' per 
century, and has long been recognized by astronomers, 
by an increase of the latitudes of all the stars in certain 
situations, and their diminution in the opposite regions. 
Its effect is to bring die ecliptic by so much per annum 
nearer to coincidence with the equator ; but from what 
we have above seen, this diminution of the obliquity of 
the ecliptic will not go on beyond certain very moderate 
limits, after which (although in an immense period of 
ages, being ^ compound cycle resulting from the joint 
action of afi the planets,) it will again increase, and thus 
oscillate backward and forward about a mean position, 
the extent of its deviation to one side and the other being 
less than 21 \ 

(51 7 •) One effect of this variation of the plane of the 
ecl^tic, — that which causes its nodes on a fixed plane 
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to change, -S-is mixed up with the (mmsioii of the 
equinoxes (art. 5261 .), and undistingaiwMe Mm it, ex. 
oept in theory This lasUmentioiied iduenomenon is, 
however, due to another cause, analogous, it is true, in a 
general }H>int of view to those above considered, but 
singularly modified by the circumstances under which 
it is produced. We sliall endeavour to render these 
modifications intelligible, as far as tliey can be made so, 
without the intervention of analytical h>rmu]ie. 

(518.) The precession of the equinoxes, as we have 
shown in art. 266 ., consists in a continual retrograda- 
tion of the node of tlie earth’s equator on the ecliptic, 
and is, therefore, obviously an eftect so far analogous to 
the general ph&uomenon of the retrogradation of the 
nodes of the orbits on each other. The immense dis. 
tance of the planets, however, compareil with the siae 
of the eXrth, and the smallness of their masses com. 
pared to that of the sun, puts their action out of the 
question in the enquiry of its cause, and we must, 
therefore, look to the massive though distant sun, and 
to our near though minute neighbour, the moon, for its 
explanation. This will, accordingly, be found in their 
disturbing action on the redundant matter accumulated 
on the equator of the earth, by which its figure is ren* 
dered spheroidal, combineii with the earth’s rotation on 
its axis. Jt is to the sagacity of Newton that we owe 
the discovery of this singular mode of action. 

(5190 Suppose in our figures (arts. 509^ 510, 511.) 
that instead of one body, P, revolving round S, there 
were a succession of particles not coherent, but forming 
a kind of fiuid ring, free to change its form by any force 
applied. Then, while this ring revolved round S in its 
own plane, under the disturbing influend oi^ibe distant 
body M, (which now represents the moon of the Sttn« 
as P does one of die particles of the eftrth's equgUnr,) 
two things would happen:— ^Ist, Ita figure would Ite 
bent out of a plane into an undulated form^ those ports 
of it within the arcs V c and T d {fig, art, 511.) being 
rendered more inclined to the plane of Ms orbit, and 
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those Tvithin the, arcs c T, d V, less so than they would 
otherwis<* be. Sdly^ The nodes of this ring, regarded 
as a whole^ without respect to its change of figure^ 
would retreat upon that plane. 

(520.) But suppose this ring, instead of consisting 
of discrete molecules free to move independently^ to be 
rigid and incapable of such flexure^ like the hoop we 
have supposed in art. 507^, then it is evident that the 
effort of those parts of it which teml to become more 
inclined will act tlirough the medium of the ring itself 
fas a mechanical engine or lever) to counteract the 
effort of those which have at the mme instant a contrary 
tendency. In so far only, then, as there exists an excess 
on the one or die other side will die inclination change^ 
an average being struck at every moment of the ring's 
motion ; just as was shown to happen in the view wo 
have taken of the inclinations, in every complete revo- 
lution of a single disturbed body^ under the i^uence of 
a fixed disturbing one. 

(521.) Meanwhile, however, the nodes of the rigid 
ring will retrograde, the general or average tendency of 
the nodes of every molecule being to do so. Here, as 
in tbe other case, a struggle will take place by the 
counteracting efforts of the molecules contrarily dis- 
posed, propagated dirough the solid substance of the 
ring ; and dius, at every instant of time, an average 
will be struck, which average being identical in its na- 
ture with diat effected in die complete revolution of a 
single disturbed body, will, in every case, be in favour 
of a recess of the node, save only when the disturbing 
body, be it sun or moon, is situated in the plane of the 
earth's ecpiator, or in the case of the^. art. 510. 

(522.) 7'his reasoning is evidendy independent of any 
consideradon of the cause which maintains the rotation 
of the ring ; whether the partidea be small satellites 
retained in circular orbits under the equilibrated action 
of attractive and centrifugal forces^ or whether they be 
small masses conceived as attached to a set of imaginary 
spokes as of a wheel, centering in S, and free only to 
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shift their j^ancs by a motion of those spokes perpen* 
dicular to the plane of the wheel. This makes no 
difference in the general effect; though the different 
velocities of rotation^ which may be impressed on such 
a system^ may and will have a very great influence 
l)oth on the absolute and relative magnitudes of the 
two effects in question — the motion of the nodes and 
change of inclination. This will be easily understood^ 
if we suppose the ring without a rotatory motion, in 
which extreme Ase it is obvious, that so long as M re« 
mained fixed tliere would take place no recess of nodes 
at all, but only a tendency of the ring to tilt its plane 
round a diameter perpendicular to the position of M, 
bringing it towards the line S M. 

(523.) The motion of such a ring, then, as we have 
been considering, would imitate, so far as the recess of 
the nodes goes, the precession of the equinoxes, only 
that its nodes would retrograde far more rapidly than 
the observed i)rcces8ion, which is excessively slow. But 
now conceive this ring to be loaded with a spherical 
mass enormously heavier than itself, placed concentri.* 
cally within it, and cohering firmly to it, but indiflerent, 
or very nearly so, to any such cause of motion ; and 
suppose, moreover, that instead of one such ring there 
are a vast multitude heaped together around the equator 
of such a glol)e, so as to form an elliptical protube<i 
ranee, enveloping it like a shell on all sides, but whose 
mass, taken together, should form but a very minute 
fraction of the wdiole spheroid. We have now before 
us a tolerable representation of the case of nature* ; and 

* Thai a perfect sphere would be so Inert and Indillbrent as to a reeolu. 
tion of the noiles of Its equator under the biAuenco of a distant attracting 
body appears Oum this,— that the direction of the reudunt attraction of 
such a body, or of that single force which, opposed, would jieatraltte and 
destroy its whole action, U necessarily in a Une passing thnnyh the center 
of the sphere, and, therefore, can hare no tendency to turn toe sphere one 
way or other. It may be oUected by the reader, that the whole tphm may 
be conceived aa consisting of rlngsparalM to Us equator, of evory miittile 
diameter, and that, therefore, its nodes should retregFide even without a 
ptotubennt equator, llie Infovnce is tneomek bM our liniiti wlU not 
allow us to go into an exposition of the fallacy, we sbonid, however esn- 
tkn hhn, generally, that no dynamical suldectia om lomoreinisiakes of 
Ctaia Mad, which nothing but the closest attention,la every vailed polat ef 
view, wlu detect. 
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it is evident that the rings^ having to drag round with 
them in^heir nodal revolution this great inert mass^ 
will have their velocity of retrogradation proportionally 
diminished. Thus, then, it is easy to conceive how a 
motion, similar to the precession of the equinoxes, and, 
like it, characterized by extreme slowness, will arUe 
firom the causes in action. 

(524.) Now a recess of the node of the earth's equa. 
tor, upon a given plane, corresponds to a conical motion 
of its axis round a perpendicular to thit plane. But in 
the case before us, tliat plane is not the ecliptic, but the 
moon 8 orbit for the time being ; and it may be asked 
how we are to reconcile this with what is stated in art. 
266 . respecting the nature of the motion in question. 
To this we reply, that the nodes of the lunar orbit, 
being in a state of continual and rapid retrogradation, 
while its indinadon is pre8er\Td nearly invariable, the 
point in the sphere of the heavens round which the 
pole of the earth's axis revolves (witli that extreme 
slowness characteristic of the precession) is itself in a 
state of continual circulation round the pole of the eclip- 
tic, with that much more rapid motion which belongs to 
the lunar node. A glance at the 
annexed figure will explain this 
better than words. P is the pole 
of the ecliptic, A the pole of the 
moon's orbit, moving round the 
small drcle A B C D in 19 years ; 
a the pole of the earth's equator, 
which at each moment of its pro. 
gress has a direction perpendicu. 
lor to the varying position of the 
line Ac, and a odoefty depend- 
ing on the varying intensity of 
the acting causes during the period 
of the nodes. This vdodty, however, being extremdy 
small, when A comes to B, C, D, E, the line A a wiU 
have taken up the positions B 6, C c, D d, E e, and the 
earth's pole a will thus, in one tropical revolntion of the 
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node^ have arrived at having described not an exactly 
drcidar arc, but a single undulation of a wi^c-shaped 
or epicycloidal curve^ abode, vrith a velocity utemately 
greater and less than its mean motion^ and tliis will be 
repeated in every succeeding revolution of the node. 

(525.) Now this is precisely the kind of motion whicli, 
as wc have scerf in art. 272.^ the pole of the earth's 
equator really has round the pole of the ecliptic, in con. 
sequence of the joint effects of precession and nutation, 
which arc thus tiranographically represented. If we 
superadd to the effect of lunar precession that of the 
solar, which alone would cause the pole to describe a 
circle uniformly about P, this wiU only afihet the undu- 
lations of our waved curve, by extending them in length, 
but will produce no effect on the depth of the waves, or 
the excursions of the earth's axis to and from the pole 
of the elliptic. Thus wc see that the two phsnomena 
of nutation and precession are intimately connected, or 
rather, botli of them essential constituent parts of one 
and the same pha;nomenon. It is hardly necessary to 
state that a rigorous analysis of this great problem, by 
an exact estimation of all the acting forces and sumroa. 
tion of their dynamical effects*, leads to the precise value 
of the co-efficients of precession and nutation, which ob* 
serration assigns to diem. The solar and lunar jiortions 
of the precession of the equinoxes, that is to say, those 
portions which are uniform, are to each other in the pro* 
portion of about 2 to 5. 

{526.) In the nutation of the earth's axis we have 
an example (the first of its kind which has occurred 
to us), of a periodical movement in one part of the 
system, giving rise to a motion having the same precise 
period in another. The motion of the fioon's nodes is 
here, we see, represented, though under a vAqt diffbrent 
form, yet in the same exact periodic time, by the 
movemoit of a peculiar oscillatory kind impress^ on 
the solid mass of the earth. We must not let the 
q>portumty pass of generafizing the prindple involved 
* vise Prof. Atry*i MsthcnsUcai TMi, Sd sd, ^ SOG, as. 
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in this result, as it is one wliicli we shall £iid again 
and again exemplified in every part of physical astro- 
nomy, nay, in every department of natural science. 
It may be stated as *^the principle of forced oscil* 
lations, or of forced vibrations/* and thus generally 
announced ; — 

J(fotw part of any system connected either hy mtUerial 
ties, or by the mutual attractions of its members, he ron- 
tinually maintained by any cause, whether inherent in 
the constitution of the system or external to it, in a 
suite of regular periodic motion, that motion will he pro^ 
pagated throughout the whole system, and will give rise, 
in every member of it, and in every part of each member, 
to periodic movermmts executed in equal periods with that 
to which they owe their origin, though not necessarily 
synchronous with them in their maxima and minima,* 

, The system may be favourably or unfavourqjbly con- 
stituted for such a transfer of periodic movements, or 
favourably in some of its parts and unfavourably in 
others ; and, accordingly as it is the one or the other, 
the derivative oscillation (as it may he termed) will lie 
imperceptible in one case, of appreciable magnitude in 
another, and even more perceptible in its visible effects 
than the original cause, in a third ; of this last kind we 
have an instance in the moon s acceleration, to be here- 
after noticed. 

(527 •) It so happens that our situation on the earth, 
and the delicacy whicli our observations have attained, 
enable us to make it as it were an instrument to feel 
these forced vibrations,— these derivative motions, com- 
municated from various quarters, especially from our 
near neighbour, the moon, much in the same way as we 
detect, by the ^trembling of a board beneath us, the 
secret tran«fer of motion by which the sound of an 
organ pipe is dispersed through the air, and carried 
down into the earth. Accordingly, the monthly revo- 

• • dvraoiutniUon of thit theorem for the forced vibrationR of lyt. 

temi connected by matorud ties of imperttect elasticity, in my treatise on 
Sound, Encyc. Metroii. art 32a The demonstration is easily extended 
xmd gencrahxcd to uke in oUtcr system!. - 
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lution of thq^ moon^ and the annual motion of die sun« 
produce, eacli of them, small nutations in tlje earth a 
axis, whose periods are Tes])ectively half a month and 
half a year, each of which, in this view of the subject, 
is to be regarded as one portion of a period consisting 
of two equal and similar parts, liut the most remark, 
able instance, by far, of this propagation of periods, and 
one of high importance to mankind, is that of the 
tides, which are forced oscillations, excited by the rota, 
tion of the earth in an ocean disturbed from its figure 
by tlie varying attractions of the sun and moon, each 
revolving in its own orbit, and propagating its own 
period into the joint phenomenon. 

(5Si8.) Tlie tides are a subject on which many per- 
sons fincl a strange difKculty of conception. That the 
moon, by her attraction, should heap up the waters of 
the occa^ under her, seems to most persons very na. 
tural, — that the same cause should, at the same time, 
heap them up on the opposite side, seems to many pld» 
pably absurd. Vet nothing is more true, nor in4#^ 
more evident, when we consider that it is not by hiir 
v*hole attraction, but by the differences of her attractions 
at tlie two surfaces and at the center that the waters 
are raised, — that is to say, by forces directed pre- 
cisely as the arrows in our figure, art. 510., in which 
we may suppose M tlie moon, and P a particle of * 
water on the earth's surface. A drop of water existing 
alone would take a spherical form, by reason of the at- 
traction of its parts ; and if die same drop were to fall 
freely in a vacuum under the influence of an uni/om* 
gravity, since every part would be equally accelerated, 
the particles would retain their relative positions, and 
the spherical form be unchanged. But •suppose it to 
fall under the influence of an attraction aedhg on each 
of its particles independently, and increasing in inten. 
aity at every step of the descent, then the parts bearer 
the center of attraction would be attracted more than 
the central, and the central than the more remote, and 
the whole would be drawn out in the direction of the 
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modon into an oblopfi^rm j the tendenc}!^ fea^aration 
being, however, couTOWtcd by the attractiQi^l be pia- 
tielea on each otlier, and a form of equilil^m being 
thus established. Now^ in fact, the earth, ta constantly 
falling to the moon, 1)cing continually by it out 

of its path, the nearer parts more and i^jjlSnSoter less 
so than the central ; and thus, at every instant, the 
moon’s attraction acts to force down the water at the^ 


sides, at right angles to her direction, and raise it at the 
two ends of the diameter pointing towards her. Geo* 
metry corroborates Uiis view of the subject, and demon, 
strates that the form of equilibrium assumed by a layer 
of water covering a sphere, under tlic influence of the 
moon’s attraction, would be an oblong ellipsoid, having 
the aeini.axis directed towards the moon longer by 


inches than that transverse to it. 

" There is never time, however, for i;his sphe- 
fully formed. Before the waters cun take 
the moon has advanced in her orbit, both 
and monthly (for in this theory it will answer 
j^iirpose of clearness lietter if we suppose the earth’s 
rnal motion transferred to the sun and moon in the 


contrary direction), the vertex of the spheroid 
shifted on the earth’s surface, and the ocean ha^^<l|w 
a new bearing. The effect is to produce an 
broad and excessively flat wave (not a circulatisg epru 
rent), which follows, or endeavours to follow, 
parent modons of the moon, and must, in fact> me 
principle of forced vibrations be true, imitite^by equal, 
though not by eynchrcfwus, periods, all the periodical in- 
equalities of that motion. ^V^hen the higher or lower 
parts of this wave' strike our coasts, they experience 
what we call high and low water. 

(530.). ^The sun also produces precisely such a wave, 
.whijihTertex tends to foUow the apparent motion of the 
cm in the heavens, and also to imitate its periodic jiL 
ef^ities. This solar wave co-exists with the lunar-*- 
sometimes supeiposed on it, sometimes transverse to 
it, BO aa to partly neutraliae it, accordin^f to the sumiT 
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synodical ccmfiguration of the tSF^^minaries. This al* 
ternate njutual reinforcement alS destructiefti of the 
solar and lunar tides cause what arc called the spring 
and neap tides — the former being their sum, the latter 
their difference. Although the real amount of either tide 
is^ at prf^nt, hardly within the reach of exact calcu. 

^ lation, yet their proportion at any one place is probably 
not very remote from that of the ellipticitics which 
would l)cli»ng to their respective spheroids, could an 
equilibrium W attained. Now these ellipticities, for 
the solar and lunar spheroids, are respectively about two 
and five feet; so that the average spring tide will be to 
the neap as 7 to 5, or thereabouts. 

(531.) Another effect of the combination of tlie solar 
and lunar tides is what is callcfl the priming and hgm 
ging of the tides. If the moon alone exialed> and 
moved 1b the plane of the equator, the tidc.day (i, 
the interval k*twc*eii two successive arrivals at tha 
place of the saiiic vertex of the tide- wave) would 
lunar day (art. 115.), formed by the eombinatM ilf 
the moon’s si<lercal j^eriod and that of tbc earth^i di.^ 
tirnal motion. Similariy, did the sun alone exist, and 
alweys on tbc ct[uator, the tide-day would be tbc 
DMim aolar day. The actuaJ tiile-day, ^en, or the in. 
tciVid' iff the occurrence of two successive maxima of* 
tfaehr superposed waves, will vary as the separate waves 
appisdach to or recede from coincidence ; because, when 
tbd yiJTtices of two waves do not coincide, their joint 
height has ifi maximum at a point intermediate between 
them. This variatTon from uniformity in the lengths 
of successive tide-days is particularly to be remarked 
about the time of the new and full moon. 

(532.) Quite difierentin its origin is tbit d(^iation of 
the time of high and low water at any port or^ar^ur, 
frpm the culmination of the luminaries, or of the 
» redeal maximum of their superposed spheroids, which 
is called tlie*^' establishment" of that ]>ort. If the water 
wepe without inertia, and free from obstruction, cither 
owing to the friction of the bbd of the sea, — the narrow- 
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ness of channels along which the wave has *to travel be- 
fore reaching the port, — their Icngtli, &c. &c., the times 
above distinguished would he identical. But all these 
causes tend to create a difTercnce^ and to make that dif- 
ference not alike at all ports. The observation of the 
establishments of harbours is a point of great maritime 
importance ; nor is it of less consequence, theoretically 
speaking, to a knowledge of the true distribution of 
the tide waves over the globe.* In making .such ob- 
servations, care must be taken not to confound the time 
of slack water,” w’heu the current caused by the tide 
ceases to flow visibly one way or the other, and that of 
or /ow water, when the level of the surface ceases 
to rise or fall. These are totally distinct phamomena, 
and depend oil entirely different Ctiusc!s, though it is 
true they may sometimes coincide in j)oint of time. They 
are, it is feared, too often mistaken one for the other by 
practical men ; a circumstance which, whenever it oc- 
curs, must produce tiie greatest confusion in any attempt 
to reduce the system of the tides to clistinct and inteU 
ligible laws. 

(533.) The declination of the sun and moon mate- 
rially affects the tides at any particular spot. As the 
vertex of the tide-w'avc tends to place itself vertically 
under the luminary which produces it, when this ver- 
tical changes its point of incidence on the surface, the 
tide-wave must tend to shift accordingly, and dius, by 
monthly and annual periods, must tend to increase and 
diminish alternately the principal tides. The period of 
the moon's nodes is thus introduced into this subject ; 
Imt excursions in declination in one part of that period 
Ix^ing 29 °, and in anotlier only 17°, on either side the 
equator. . 

(534.]j Geometry demonstrates that the efficacy of a 

JT 

» The .’ecent inveKtigations of Mr. Lubbock, and those highly Interest 
ing ones In which Mr. Whewell is undmtut^ to he ongag^, will, it is 
to be honied, not onlv throw theoretical light on the very obscure suli- 
Ject of the tides, but'(what is at present quite as nuicli wantetl) arouse 
the attention of otiscrvcn, and at the same time give it that right direction, 
by pointing out wAot oegAf to bt obt€fveii, mtheut whlcii all observation 
is lost labour. 
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luminary ifl raising tides is inversely proportional to 
the cube of its distance. The sun and moonj^however^ 
by reason of the ellipticity of their orbits, arc alternately 
nearer to and farther from the earth than their mean 
distances. In consequence of tliis, the efficacy of the 
sun will fluctuate between the extremes 19 and 21, 
taking 20 for its mean value, and that of the moon Ik*. 
tween 48 and .59- Taking into account this cause of 
difference, the iiighcst spring tide will he to the lowest 
neap as 59 + ^1 to 43 — 19» or as 80 to 24, or 10 
to 3. Of all the causes of diflerences in the heiglit of 
tides, however, local situation is the most influential. 
In some places, the tide-wave rushing up a narrow 
channel, is suddenly raised to an extraordinary height. 
At Annapolis, for instance, in the Hay of Fundy, it 
ip said to rise 120 feet.* Kven at Bristol, the differ- 
ence of •high and low water occasionally amounts to 
50 feet. 

(535.) The action of tlie sun and moon, in like man. 
ner, produces tides in the atmosjdiere, which delicate 
observations have l)een able to render sensible and moa 


surahlc. 4’his effect, however, is extremely minute. 

(53(J.) To return, now, to the plantary perturbations 
Let us next consider the cliangcs induced by their mu- 
tual action on the magnitudes and forms of their orbiVs> 
and in their positions therein in different situations willi 
respect to each other. In the first place, however, it 
wiU be proper to ex])lain the conventions under which 
geom^ers and astronomers have alike agreed to use the 
language and laws of the elliptic system, and to con- 
tinue to apply them to disturbed orbits, although t|p^ 
orbits 80 disturbed are no longer, in mathematical 


strictness, ellipses, or any known curvfls. 
do, partly on account of the convenience o 


This they 
f Conception 


and calculation which attaches to this system, but much 


more for this reason, — that it is found, and may be 
demonstrated from tlie dynamical relations of tbe case, 
that the departure of each planet flnm its ellipse, as de* 


a BoUion'i Lectures on Mecbanlcil l*hUo$o|>hy. 
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tennined at any epocli, is capable of beidg truly re. 
presented^ by supposing the ellipse itself to be slowly 
variable, to change its magnitude and excentricity, and 
to sl)ift its position and the plane in which it lies ac- 
cording to certain laws, while the planet all the time 
continues to move in this ellipse, just as it would do if 
the ellipse remained invariable and the disturbing forces 
hod no existence. By this tvay of considering the sub- 
ject, the whole permanent eflect of the disturbing forces 
is rcganled as thrown upon the orbit, while the relations 
of the planet to that orbit remain unchanged, or only 
liable to l)rief and comparatively momentary fluctuation. 
This course of procedure, indeed, is the most natural, 
and is in some sort Ibrced upon us by the extreme slow, 
ness with which tlie variations of the elements developc 
themselves. For instance, the fraction expressing tha 
ex cen tricity of the earth’s orbit changes no more than 
()*00004 in its amount in a century; and the place of 
its perihelion, us referred to the sphere of the heav'ens, 
by only 19 •^9 ' in the same time. For several years, 
therefore, it W'oidd be next to impossible to distinguish 
hetw'oen an ellipse so varied and one that had not va> 
ried at all ; and in a single revolution, the dificrcnce 
between tlie original ellipse and the curve really repre- 
sented by the varying one, is so excessively minute, ^at, 
if accurately drawn on a table, six feet in diameter, flie 
nicest examination with microscopes, continued along 
the whole outlines of the two curves, would hardly de- 
tect any perceptible interval between them. Not to 
call a motion so minutely conforming itself to an ellip- 
tic curve, eliiptic, would be affectation, even granting 
tlie existence of trivial departures alternately on one 
side or on ^ the other; tliough, on the other hand, to 
neglect a Variation, which continues to accumulate from 
age to age. till it forces itself on our notice, would be 
wilful blindness. 

(557.) Geometers, then, have agiited in each single 
revolution, or for any moderate interval of time, to re- 
gard the motion of each planet as ellipci^ and performed 
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according ttl Kepler's laws, with a reserve in favour of 
certain very small and transient fluctuations, 4>ut at the 
same time to regard aU the elenwfiU of each ellipse as in 
a continual, though extremely slow, state of change; 
and, in tracing the effects of perturbation on the system, 
they take account principally, or entirely, of this change 
of the elements, as that upon which, after all, any rnatc^ 
rial change in the great features of the system will 
ultimately depend. 

(.038.) And here we encounter the distinction l)etwecn 
what are U>rmed secular variations, and such as are ra- 
pidly periodic, and are compensated in short intervals. 
In our exposition of the variation of the inclination of a 
disturbed orbit (art. 514.), for instance, we showed tltaf, 
in each single revolution of the disturbed body, the plane 
of its motion underwent fluctuations to and fro in its 
inclinatien to that of the disturbing body, wliich nearly 
compensated each other; leaving, however, a portion 
outstanding, which again is nearly compensated by 
the revolution of the disturbing body, yet still leaving 
outstanding and uncompensated a minute portion of the 
change, which requires a whole revolution of the node 
.to compensate and bring it bock to an average or mean 
value. Now, the two first compensations which are 
operated by die planets going through the succession of 
conflgurationB with each other, and therefore in rom* 
paratively short periods, are called periodic variatione ; 
and the deviations thus compensated are called inpqtia* 
lities depending on configurations ; while the last, which 
is operated by a period of tlie node (one of the de^ 
ments), has nothing to do with the configurations of 
the individual planets, requires an immense period of 
time for its consummation, and is, thA’ef^re, distin- 
guished from the former by the term secular Variation. 

(539-) It is true, that, to aflbrd an exact representation 
of the motions of a disturbed body, whether planet or 
satellite, both periodical and secular variations, with their 
coiTeq;K>Ddii^ inequalities, require to be expressed ; and, 
indeed, the foin|^ ^Ten more than the latter; seeing that 



342 


A TRKATlBfi ON ASTRONOaTT. 


CHAP. XU 


the secular inequalities are^ in fact, nothing but ivhat 
remains after the mutual destruction of a much larger 
amount (as it very often is) of periodical. But these 
are in their nature transient and temjiorary : they dis. 
api)ear, and leave no trace. The planet is temporarily 
drawn from its orbit (its slowly varying orbit), but 
forthwith returns to it, to deviate presently as much the 
otlier way, while the varied orbit accommodates and 
adjusts itself to the average of these excursions on cither 
side of it ; and thus continues to present, for a succes. 
sion of indoiitute ages, a kind of medium picture of all 
that the planet h.'is been doing in their lapse, in which 
the expression and character is ])reserved ; but the in- 
dividual features are merged and lost. These periodic 
inequalities, how'ever, arc, as w'e have observed, by no 
means to be neglected, but they are taken account of 
by a separate process, independent of the secular vari- 
ations of the elements. 

(.540.) In order to avoid complication, while endea- 
vouring to give the reader an insight into both kinds of 
variations, we shall henceforward conceive all tlie orbits 
to lie in one plane, and confine our attention to the case 
of two only, that of the disturbed and disturbing body, 
a view of the subject which (as we have seen) compre- 
hends the case of the moon disturbed by the sun, since 
any one of the bodies may Ije regarded as fixed at plea, 
sure, provided we conceive all its motions transferred 



in a contrary direction to each of the others. Suppose, 
therefore, S to be the central, M the distuibing, and P 
the disturbed body. Then the attrac^on of M adts on 
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P in the diiection P M, and on S in the direction S Af. 
And die disturbing part of IVI's attraction, hei^ the dif* 
ference only of these forces, will have no fixed direc- 
uon, but will act on P very differently, according to 
the configurations of P an<l M. It wiU therefore be 
necessary, in analyzing its effect, to resolve it, according 
tc mechanical principles, into forces acting according to 
some certain directions; viz., along the radius vector 
S P, and perpendicular to it. The simplest way to do 
this, is to resolve the attractions of M on both S and P 
in these directions, and take, in lioth cases, their differ- 
ence, which is the disturbing ]»art of M's effect. In 
this estimation, it will be found then that two distinct 
disturbing powers originate ; one, which we shall call the 
tangential force, acting in the direction P Q, perpen- 
dicular to S P, and therefore in that of a tangent to the 
orbit ot P> supposed nearly a circle — the otlier, which 
may l)c called the radial disturbing force, whose direc- 
tion is always either to or from S. 

(541.) it is the former alone (art. 41 C).) which dis- 
turbs the equable description of areas of P about S, and 
is therefore the chief cause of its angular deviations 
from the elliptic place. For the equable description of 
areas depends on no ])articu]ar law of central force, but 
only requires that the acting force, whatever it be, 
should be directed to the center ; whatever force 'does 
not conform to this condition, must disturb the areas. 

(542.) On the odicr hand, the radial portion of the 
disturbing force, though, being always directed to or 
from the center, it does not affect the equable descrip- 
tion of areas, yet, as it does not conform in its law of 
variation to that simple law of gravity by which the 
elliptic figure of the orbits is producedtand maintained, 
has a tendency to disturb this form ; and,*piusing the 
disturbed body P, now to approach the center nearer, 
now to recede farther from it, than the laws of 
elliptic motion would warrant, and to have its points of 
nearest a|^roach and farthest recess otherwise situated 
than they would be in the undisturbed orbit, tends to 

■V z 4 
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derange the magnitude^ exccntricity^ and position of the 
axis of P'l^ ellipse. 

(543.) If we consi<ler the variation of the tangential 
force in the different relative positions of M arid we 
shall find that^ generally speaking, it vanishes when P is 
at A or (', see /</. to art. 5*M). i. e. in conjunction with 
M, and also at two points, B and 1), where M is equi- 
distant front S and 1* (or very nearly in the quadratures 
of P with M); and thatj l)etwcen A and B, or D, it 
tends to urge P towards A, while, in the rest of the orlni; 
its tendency is to urge it towards Consequently, the 
general effect will be, that in progress through a 
complete aynodit'al revolution round its orbit from A, it 
will first be accelerated from A up to B — thence re- 
tarded till it arrives at C — thence again accelerated up 
to I), and again retarded till its re-arrival at the con- 
junction A. 

(544.) If P*8 orbit were an exact circle, as well as 
M’s, it is evident that tlie retardation which takes place 
during the description of the arc A B would be exactly 
compensated by the acceleration in the arc J) A, these 
arcs being just equal, and similarly disposed with re- 
speftt to the disturbing forces ; and similarly, that the 
acceleration through the arc B C would be exactly com- 
pensated by the retardation along D. Consequently, 
on the average of each revolution of P, a compensation 
would take place ; the period would remain unaltered, 
and all the errors in longitude would destroy each 
other. 

(545.) This exact compensation, however, depends 
evidently on the exact symmetry of disposal of the parts 
of the orbits on either side of die line C S M. If that 
symmetry be broken, it will no longer take place, and 
inequalities^ Fs motion will be produced, which ex- 
tend beyond the limit of a single revolution, and 
must await their compensation, if it ever take place 
fit all, in a reversal of the relations of configuration 
which produced them. Suppose, for example, that, the 
orbit of P being circular, that of M were Coptic and 
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that, at the«monicnt when P set out from A, M were at 
its greatest distance from P ; suppose, als 9 , that M 
were so distant as to make only a small part of its whole 
revolution during a revolution of P. Then it is clear 
that, during the whole revolution of P, M's disturbing 
force would be on the increase by the approach of M, 
and that, in consequence, the disturbance arising in each 
succeeding quadrantof its motion, would over-corn pensatu 
that produced in the foregoing ; so that, when P had 
come round again to its conjunction with M, there 
would be found on the whole to have taken place an 
over-compensation in favour of an acceleration in tlic 
orbitual motion. This kind of action would go on so 
long as M continued to aj)proach S ; but when, in the 
progress of its elliptic motion, it began again to recede, 
the reverse effect would take* place, and a retardation of 
P’s orbi^ial motion would hap[)en : and so on alternately, 
until at lengUi, in the average of a great many revolu- 
tions of M, in wliich the place of in its ellipse at 
the moment of conjunction should have l)een situated in 
every variety of distance, and of approach and recess, a 
compensation of a higher and remoter order, among all 
those successive over and under-corapensations^ wo&ld 
Itave taken place, and a mean or average angular motion 
would emerge, the same as if no disturbance had taken 
place. ' 

(.546.) The case is only a little more complicated, but 
the reasoning very nearly similar, when the orbit of the 
disturbed body is supposed elliptic. In an elliptic 
orbit, the angular velocity is not uniform. The dis- 
turbed body then remains in some parts of its revolution 
longer, in others for a shorter time, under the influence 
of the accelerating and retarding tangential forces, than 
is necessary for an exact compensation ; ifbjlependeiit, 
then, of any approach or recess of M, there would, on 
this account alone, take place an over or under compen. 
sation, and a surviving, unextinguished perturbation at 
the end of ^ synodic period ; and, if the conjunetUme 
akoai/e teel^place on ^ name point of Ve eUipee, this 
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cause would constantly act one way, and am inequality 
would arifa?, having no compensation, and which would 
at length, and permanently, change die mean angular 
motion of P. But this can never lie the case in 
the planetary system. The mean motions (i. e, the 
mean angular velocities) of the planets in their 
orbits, are invommenmruhh to one another. There 
are no two planets, for instance, which perform 
their orbits in times exactly double, or trijde, the one 
of the other, or of which the one performs exactly two 
revolutions while the other performs exactly three, or 
five, and so on. If there were, tJic case in point would 
arise. Suppose, for example, that the mean motions of 
the disturlied and disturbing planet w'cre exactly in the 
proportion of two to five ; then would a cycle, consist* 
ing of five of the shorter periods, or two of the longer, 
bring them hack exactly to the same configuration. It 
would cause their conjunction, for instance, to happen 
once in every such cycle, in the same precise points of 
their orbits, while in the intermediate periods of the 
cycle die other configurations kept shifting round. Thus, 
then, would arise the very case we have been contem- 
plating, and a jxirmanent derangement would happen. 

( 547 .) Now, although it is true that the mean mo- 
tions of no two planets are exactly commensurate, yet 
cases are not wanting in which there exists an approach 
to this adjustment. And, in particular, in the case of 
Jupiter and Saturn, — that cycle we have taken for oui 
example in the above reasoning, viz. a cycle composed 
of five periods of Jupiter and two of Saturn,— although 
it does not exactly bring about the same configuration, 
does so pretty nearly. Five perioils of Jupiter are 
SI 663 day^s, iind two periods of Saturn 21318 days. 
The difFcl^ncc is only 145 days, in which Jupiter de- 
scribes, on an average, 12^, and Saturn about 5°, so 
that after die lapse of the former interval they will only 
be 5® from a conjunction in the same parts of their 
orbits as before. If we calculate the time which will 
exactly bring about, on the average, three conjunctions 
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of the two flanets^ we shall find it to be 21760 days^ 
their synodical period being days. ^ tliis in. 

terval Saturn will have described 8® 6' in excess of two 
sidereal revolutions^ and Jupiter the same angle in ex. 
cess of five. Every third conjunction, then, will take 
place 8° fi' in advance of the preceding, which is near 
enough to establish, not, it is true, an identity with, but 
still a great approach to the cpse in question. The ex. 
cess of action, for several such triple conjunctions 
(7 or 8) in succession, will lie the same way, and at 
each of them the motion of P will be similarly influenced^ 
so as to accumulate the cflect upon its longitude; thus 
giving rise to an irregularity of considerable magnitude 
and very long period, which is well known to astrono. 
mers by the name of the great inequality of Jupiter 
and Saturn. 

(548«) The arc 8^ 6^ is contained 44 j times in the 
whole circumference of ,S60° ; and accordingly, if we 
trace round this particular conjunction^ we shall And it 
will return to the same [mint of the orbit in so many 
times 21760 days, or in 2f)48 years. But the con. 
junction v^e are now considering, is only one out of 
three. The other two will happen at points of the 
orbit about 123^ and 246^ distant, and these points also 
will advance by the same arc of 8° 6' in 217^0 days. 
Consequently, the period of 2648 years will bring them 
dll round, and in that interval each of them will pass 
tlirough that point of the two orbits from which we 
commenced : hence a conjunction (one or other of the 
three) will happen at that point once in one third of 
this pcriocl, or in 883 years ; and this is, therefore, the 
cycle in which the great inequality'* would undergo 
its full compensation, did the elementi of the orbits 
continue all that time invariable. The% variation, 
however, is considerable in so long an interval ; and, 
owing to this cause, the period itself is prolonged to 
about 91 fl years. 

( 549 .) We have selected this inequality as a proper 
instance of the action of the tangentiid disturbing force. 
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on account of ite niaf];nitude, the length of its period, 
and its l^gh historical interest. It had long been re* 
marked by astronomers, that on comparing together 
modem with ancient obser\’'ations of JupiU^r and Saturn, 
the mean motions of these planets did not appear to be 
uniform. The jierio*! of Saturn, for instance, appeared 
to have been lengthening throughout the whole of the 
seventeenth century, and that of Jupiter shortening — 
that is to say, the one planet was constantly lagging 
behind, and the other getting in advance of its cal. 
culated place. On the other hand, in the eighteenth 
century, a process precisely the reverse seemed to be 
going on. It is true, the whole retardations and acce- 
lerations observed were not very great ; but, as their 
influence went on accumulating, they })roduce(1, at 
length, material differences between the observed an*! 
calculated places of both these planets, which, as they 
could not then be accounted for by any theory, excited 
a high degree of attention, and were even, at one time, 
too hastily regarded as almost subversive of t!)c New- 
tonian doctrine of gravity. For a long while this ilif- 
ference baffled every endeavour to account for it, till at 
length Laplace pointed out its cause in the near com- 
mensurability of the mean motions, as above shown 
and succeeded in calculating its period and amount. 

(.550.) The inequality in question amounts, at its 
maximum, to an alternate retardation and acceleration 
of about 0*^ 4fF in the longitude of Saturn, and a cor- 
responding acceleration or retardation of about 0^ 21' 
in that of Jupiter. That an. acceleration in the one 
planet must necessarily be accompanied by a retardation 
in the other, and vice versa, is evident, if we consider, 
that action anch reaction being equal, and in contrary 
directions, < Whatever momentum Jupiter communicates 
to Saturn in the direction PM, the same momentum 
must Saturn communicate to Jupiter in the direction 
MP. The one, therefore, will be dragged forward, 
whenever the other is puUed back in its orbit. Geo- 
metry demonstrates, that^ on the average of each revo* 
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lution, die (Proportion in ivhich this reaction will affect 
the lonf^tudes of the two planets is that of thsir masses 
multiplied by the squares roots of the major axes of their 
(trbits, inversely, and this result of a very intricate and 
curious calculation is fully confinned by observation. 



(.5.51.) The inequality in question would be much 
greater, were it not for the partial compensation which 
is operated in it in every triple conjunction of the 
planets. Suppose PQ R to Ik? Saturn's orbit, and pqt 
Jupiter's; and suppose a conjunction to take place at Pp, 
on the line SA; a second at 123® distance, on the line 
SB; a third at distance, on SC; and the next at 
on SD, 'fliis last.mentioned conjunction, taking 
place nearly in the situation of the first, W'ill produce 
nearly a repetition of the first effect in retarding or ac* 
celerating the planets ; but the other two, being in the 
most remote situations possible from the first, will bap. 
pen under entirely diffbfent circumstances as to the 
position of the perihelia of the orbits. Now, we have 
seen that a presentation of the one planet to the other 
in conjunction, in a variety of .situations; te^ds to pro. 
duce compensation ; and, in fact, the greateft possible 
amount of compensation which can be produced by only 
three configurations is when they are thus equaDy dis- 
tributed round the c^ter. Three positions of conjunc- 
tion compensate mott: than two, four than three, and 
BO on. Henoie we see that it is not the whole amount 
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of perturbation^ ^vhi^ is thus accumulated in each tri- 
ple conjunction^ but only that small part which is left 
uncompensated by the intermediate ones. I'he reader, 
who possesses already some acquaintance with the sub- 
ject, will not bf at a loss to perceive how this con- 
sideration is, in fact, equivalent to that ])art of the 
geometrical investigation of this inequality which leads 
us to seek its expression in terms of the third order, or 
involving the cubes and products of three dimensions of 
the excentricities ; and how the continual accumulation 
of small quantities, during long periods, corresponds to 
what geometers intend when they speak of small terms 
receiving great accessions of magnitude by integration. 

(553.) Similar considerations apply to every case of 
approximate coinmensurability which can take place 
among the mean motions of any two planets. Such, 
for instance, is tliat which obtains btlween the mean 
motion of the earth and Venus, — times the i^riod of 
Venus being very nearly equal to 8 times that of the 
earth. This gives rise to an extremely near coincidence 
of every fifth conjunction, in the same parts of each 
whit (within .i-*^,;th part of a circumference), and 
tiicrefore to a correspondingly extensive accumulation 
of the resulting uncompensated perturbation. But, on 
the other hand, the part of the perturbation thus accu- 
mulated is only that which remains outstanding after 
passing the equalizing ordeal of five conjunctions equally 
distributed round the circle; or, in the language of ge- 
ometers, is dependent on powers and products of the 
excentricities and inclinations of the fifth order. It is, 
therefore, extremely minute, and the whole resulting 
inequality, according to the recent elaborate calculations 
of professor Airy, to whom it owes its detection, amounts 
to no mo»e than a few seconds at its maximum, while its 
period is no less than 240 years. This example will 
serve to show to what minuteness these enquiries have 
been carried in die planetary theory. 

(553.) In the tlieory of the moon, the tangential 
force gives rise to many inequalities, the chief of which 
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is that called the variation, which is the direct and 
principal cflbct of that part of tlie disturbance arising 
from the alternate acceleration and retardation of the 
areas from the syzigies to tho quadratures of the orbit, 
and vice combined with the elliptic form of tl»t* 

orbit ; in copsequence of wliich, the same area described 
about tile focus will, in different jtarts of the ellipse, 
correspond to different amounts of angular motion. 'J'his 
inequality, which at its maximum amounts to aliout S’J', 
was first distinctly remarked as a periodical correction 
of the moon's place by 'i'yeho Brahe, and is remarkable 
in die history of the lunar theory, as the first to be 
explained by \cwton from his theory of gravitation. 

(554.) We come now to consider the effeeta of that 
part of the disturbing force which acts in the direction 
of the radius vector, and tends to alter the law of gra- 
vity, and therefore to derange*, in a more direct and sen- 
sible manner than the tangential force, the form of the 
disturbed orbit from that of an fdli[)Ke, or, according 
to die view we have taken of the subject in art. 55f), 
to proiluce a change in its magnitude, exccntricity, and 
position in its own plane, or in the place of its perihelion. 

(555.) In estimating the disturbing force of M* on 
P, we have seen that the difference only of M’s accele. 
radve attraction on S and P is to be regarded as cffociive 
as such, and that the first resolved jtortioii of M's at- 
traction, — that, namely, which acts at P in the direction 
P S, — not finding iu the power whiclL M exerts on V any 
corresponding part, by which its effects may be nullified, 
is wholly effective to urge P towards S in addition to iU 
natural gravity. This force is called the addititiouM 
part of the disturbing force. There is, besides this, 
another power, acting also in the direction ^f the radius 
6 P, which is that arising from the differencf of actions 
of M on S and P, estimated first in the direction P K, 
parallel to S M, and then resolved into two forces ; one 
of which is the tangential force, already consider^, in 
the direction P Q ; the other perpendi^ar to it, or in 
the direction P R. This part of M's Mtion is termed 

• See Fig. Art (SM.) 
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the dhlaiitiom force, bccaiise it tends to diminish the 
gfftiity ofi^P towards S; and it is the excess of the one 
of these resolved portions dver the other, which, in any 
assigned position of P/atid M, constitutes the radial 
part of the disturbing forci*, and respecting whose effects 
we are now about to reason. 

(.55().) The estimation of these ‘forces is a matter of 
no difficulty the dtinensions of the orbits are given, 
hut they are too eoinplirated in their expressions to find 
any place here. It will suffice for our purpose to point 
out their general tendency ; ainl, in the first ]>lace, we 
shall consider their mean or average eff‘ect. In order to 
estimate, what, in any one poniiioii of P, will be the 
mean action of M in all the situations it can hold with 
respect to P, we have nothing to do but to suppose M 
broken up, and distributed in the form of a thin ring 
round die circumference of its orbit. If wcwifald take 
account of the elliptic motion of M, we might conceive 
the thickness of tin’s ring in its different parts to be 
jiroportiotial to the timti which M occupies in every part 
of its orbit, or in the inverse proportion of its angular 
motion. But into this nicety we shall not go, hut con- 
tent ourselves, in the first instance, with supposing M'$ 
orbit circular an<l its motion uniform. Then it is clear 
that the mean disturbing effect on P will be the differ, 
ence of attractions of chat ring on the two points P and 
S, of which the latter occupies its center, the former is 
excentric. Now Ahe attraction of a ring on its center 
is manifestly equal in all directions, and therefore, esti- 
mated in any one direction, is zero. On the other hand, 
on a point P out of its center, if within the ring, the re- 
sulting attraction will always he outward:!^ towards the 
nearest poiqt ot the ring, or directly from the center,* 

w 

* In ft pro|x^ttton wMch the equitihriuiu ofSaturn’ii ring renden 

not merely speculfttive or ilUistrativc, ii will be well to deinoiutnite it j 
which may be done very simply, and without the aid of any oalrulua. Con- 
eohreatphcncal shell, and a iwint within it : every line paMing through the 
|>omC. and terminating both way* in thoahcU, will, oT eoune^ he equally in- 
rliiint to U« *iirfai'c at either end, betiig a chord of aaphetieu aurface, and, 
therefore, Kynmietric^illy related tn all its parbk How, coofieive a smaH 
double cone, or pyramid, having iu aiH*Y at tlie point, and formed by the 
v'unlcal motion of such a line round the |>oiii(. Then will the tuo portions 
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But if P Me vrithout tlie/ing, iMc resulting force viil' 
act always inwarda, urging P towariis its ceiiSer. Hence 
it appears that the mean effect of the radial force ii'iH 
be (lifFereitt in its direction /’^according as the orbit of 
tlic disturbing bo<ly is .exterior or interior to that of 
the disturbed. In the former case it will diminish^ in 
the latter will increase^ the central gravity* 

(657.) Regarding, stilly only the JMlan effect, os 
produced in a great numlier of revolutim of both bo- 
diesj it is evident that an increase of central force must 
be accompanied with a diminution of periodic tiine^ and 
a contraction of dimension of the orbit of a body re- 
volving with a stated velocity, and vice ver^d. This, 
then, is the first and most obvious effect of the radial 
part of tlie disturbing force. It alters permanently, 
and by a certain mean and invariable amount, tlie cU- 
inension^ of all the orbits and the periodic times of ail 
the bodies composing the planetary system, from w'bat 
they would be, did each planet circulate about the sun 
uninfluenced by the attraction of the rest ; the angular 
motion of the interior bodies of the system being thus 
remlered less, and those of the exterior greater, than on 
that supposition. Tlie latter effect, indeed, might be 
at once concluded from tliis obvious consideration, — 
that all the planets revolving interiorly to any orbit ma^ 
be considered as adding to the general aggregate of the 


of the s{>hfnoal «hc-ll, which form the baco* of both the cones or iiyramitU, 
be similar and «'r|iiallv iiirlined to their axes. Therefore their arCMS will 
be to each other a« the Kquarps of their dMtani'i*s from the rotntnon ajicx. 
Tbcrelore tlieiz attraA'tioua on it will be equal, lH*causc the attraction is as 
the attrartinji mutter directly, and the i>i|unre of its distanre inversely. 
Kow, these attractions act iii ofiposiU; dirornioiis, and, therefore, coimteratt 
each other Therefore, the point w in equilibrium between then ; and a» 
the same is trut' of every such inur of areas into whielklhe spherical shdl 
can be broken up, therelore the iiolnt will t>e in equilibrium^ AovrcMir tiium 
ated within such a spherical shell. Now take a nng, and trCU it similarly, 
twei^iag its cirvuintcrence up iiitoiiairs of etemenu, the bawl of IrAtiul^ 
formed by lines {lassinK through the aHracted point Here the attraetiijg 
elements, being /hies, not surf ant, are in the simple ratio of the lUttancee, 
not the doflitnte, as they should be to maintain the equilibrium. There, 
fbte it wlU not be maintained, but tlie wcorrst elements will have the lupe- 
tiority, and the fioint will, on the wh<de, be urged towards the nearest part 
of the ring. Tbe same is true of even linear ring, and is, therefore, true 
of any assemblage of concentric ones fbrmiog a flat ODbulua, lUte the ring 
of Saturn. 


A A 
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Attracting matter within^ which is not the icss elBcient 
for being^Btributed over space^ and maintained in a 
Stalin of circulation. 

(558.) This effect, however, is one which we have 
no means of measuring, or even of detecting, otherwise 
than by calculation. For our knowledge of the periods 
of the planets, and the dimensions of their orbits, is 
drawn from observations made on them in tlieir actual 
staU‘, and, therefore, under th(i influence of this con- 
stafU part of the perturlwitive action. Their observed 
mean motions are, therefore, affected })y the whole 
amount of its influence ; and wo have no means of dis- 
tinguishing this from the direct effect of the sun’s aU 
traction, with which it is blended. Our knowledge, 
however, of the masses of the planets assures us that it 
is extremely small ; and this, in fac't, is all which it is 
at all important to us to know, in the theory of their 
motions. 

( 559 .) The action of the sun upon the moon, in like 
manner, tends, by its mean influence during many suc- 
cessive revolutions of both bodies, to dilate permanently 
the moon’s orbit, and increase her periodic time. But 
this general average is not established, either in the case 
of the moon or planets, without a series of subordinate 
fluctuations due to the elliptic forms of their orbits, 
which we have purposely neglected to take account of 
in the above reasoning, and which obviously tend, in 
the average of a great multitude of revolutions, to neu- 
tralize each other. In the lunar theory, however, many 
of tliesc subordinate fluctuations are very sensible to ob- 
servation, and of great importance to a correct know- 
ledge of her motions. For example : — The sun’s orbit 
(referred ;o the earth as fixed) is elliptic, and requires 
thirteen lunations for its description, during which the 
distance of tlie sun undergoes an alternate increase and 
diminution, each extending over at least six complete 
lunations. Now, as tlie sun approaches the earth, its 
disturbing forces of every kind are increased in a Ugh 
ratio, and vice rersu. Therefore the dilatation it pro- 
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duces on ific lunar orbit, and the diminution of the 
moon's periodic time, will be kept in a continual state 
of fluctuation^ increasing as the sun approachtiR, its 
perigee, and diminishing as it recedes. And this is 
consonant to fact, — the observed difference between a 
lunation in January (when tlic sun is nearest the earth) 
and in July (when it is farthest) being no less than 35 
minutes. 

(550.) Another very remarkable and important effect 
of this cause, in one of its subordinate fluctuations, 
(extending, howtjver, over an immense period of time,) 
is what is called the secular accekraiion of the mootts 
mean nMiion. It had been observed by Dr. Halley, 
on comparing together the records of the most ancient 
lunar eclipses of the Chaldean astronomers with those 
of modern times, that the pc'riod of the moon’s revolu- 
tion at i()resent is sensibly shorter than at that remote 
cfioch ; and this result was confirmed by a further com- 
parison of both sets of observations w'ith tlioso of the 
Arabian astronomers of the eighth and ninth centuries. 
It ap|H;arcd from these comparisons, tliat the rate at 
which the moon’s mean motion increases is about 1 1 
seconds per century, — a quantity small in itself, hut be- 
coming considerable by its accumulation during a suc- 
cession of ages. This remarkable fact, like tlie great 
equation of Jupiter and Saturn, had been long the sul>- 
ject of toilsome investigation to* geometers. Indeed, so 
difficult did it appear to render any exact account of, 
that while some ivere on the point of again declaring the 
theory of gravity inadequate to its explanation, others 
were for rejecting altogether the evidence on whicli it 
rested, although quite as satisfactory as that on which 
most historical events are credited. It in this 
dilemma that Laplace once more stepped inPto rescue 
physical astronomy from its reproach, by pointing out 
the real cause of the phsnomenon in question, which, 
when so explained, is one of the most curious and in- 
structive in the w'hole range of our subject, — one which 
leads our speculations further into the past and future, 
A A 2 
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and pointfi to longer vistas in the dim p^frspective of 
changes vshich our system has undergone and is yet to 
undergo^ than any other which observation assisted by 
theory has developed. 

(56‘1.) If the solar ellipse were invariable, the alter- 
nate dilatation and contraction of the moon's orbit, ex. 
plained in art. would, in the course of a great 

many revolutions of the sun, at length efTect an exact 
compensativ)!! in the distance and periodic time of tlie 
moon, by bringing every possible step in tlie sun’s 
change of distance to correspond to every possible 
elongation of the moon from the sun in her orbit. But 
this is not, in fact, the case. The solar ellipse is kept 
(as we have already hinted in art. 536., and as wc 
shall very soon explain more fully) in a contitiual but 
excessively slow state of change, by tlie action of the 
planets on the earth. Its axis, it is true, remains un- 
altered, but its ijxcentricity is, and has Wn since the 
earliest ages, diminishing; and this diminution will con- 
tinue (there is little reason to doubt) till the excentricity 
is annihilated altogether, and the earth’s orbit becomes 
a perfect circle; after which it will again open out into 
an ellipse, the excentricity will again incrt*ase, attain a 
certain moderate amount, and then again decrease. The 
time required for tJiese evolutions, though calculable, 
lias not been calculated, further than to satisfy us that 
IMS not to he reckoned by hundreds or by thousands of 
years. 1 1 is a period, in short, in which the whole his- 
tory of astronomy aixl of the human race occupies but 
as it were a point, during which all its changes are to 
be regarded as uniform. Now, it is by this variation in 
the excentricity of the earlli's orbit that the secular ac- 
celeration jf ftie moon is caused. The compensation 
above sp6ken of (which, if the solar ellipse remained 
unaltered, would be effected in a few years or a few cen- 
turies at furthest in tfie mode already stated) will now, 
yre see, be only imjierfectly effected, owing to this slow 
shifting of one of the essential data. The stcjis of re- 
storation are no longer identical with, nor equal to, those 
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of change. Vhe same reasoning^ in short, applies^ ivith 
tiiat by which we explained the long incqui^ties pro. 
duccd by the tangential force. The struggle up liill is 
not maintained on equal terras w'ith the downward 
tendency. The ground is ail the while slowly slUling 
l)eneath the feet of the antagonists. During the whole 
time that the earth’s excentricity is diminishing^ a pro- 
ponderance is given to the action over the re-action ; and 
it is not till that diminution shall cease, that the tables 
will 1)6 turned,' and the process of ultimate restoration 
will commence. Meanwhile, a minutt*, outstanding, ami 
uncompensated effect is left at each recurrence, or near re- 
currence, of the same configurations of the sun, the moon, 
and the solar and lunar perigee. These accumulate, in- 
fluence the moon’s j>eriodic time and mean motion, and 
thus becoming repeated in every lunation, at length affect 
her longjttude to an extent not to b(‘ overlooked. 

(562.) The phenomenon of which we have now 
given an account is another and very striking example 
of the propagation of a periodic change from one part of 
a system to another. The jdanets have no direct, appre- 
ciable action on the lunar motions as referred to the 
earth. Their masses are too small, and their distances 
too great, for their difference of action on the moon and 
earth, ever to become sensible. Yet their effect on fi«e 
earth's orbit is thus, we see, projiagated through the sun 
to that of the moon; and what is very remarkable, the 
transmitted effect thus indirectly produced on the angle 
described by the moon round the earth is more sensible 
to observation than that directly produced by them on 
the angle described by the earth round the sun. 

(563.) The dilatation and contraction of the lunar 
and planetary orbits, then, which arise fron^ the action 
of the radial force, and which tend to affect fheir mean 
motions, are distinguishable into two kinds ; — the one 
permanent^ depeiidifl^ on the distribution of the attract- 
ing matter in the system, and on the order which each 
planet holds in it; the other periodic, and which 
operates in length of time its own compensation. Geo- 

AA 3 
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meters have demonstrated (it is to LagraTip;c that we 
owe this Aost iiii]iortant discovery) that^ besides these, 
there exists no tiurd class of effects, whether arising 
from the radial or tangential disturbing forces, or from 
their combination, sucli as can go on for ever increasing 
in one direction witliout self-compensation; and, in par- 
ticular, that the major axes of the planetary ellipses are 
not liable even to those slow secular changes by which the 
inclinations, nodes, and all the other elements of the sys- 
tem, are affected, and which, it is true, are periodic, but 
in a different sense from those long inequalities which de- 
pend on the mutual configurations of the planets inter ae.. 
Now, the periodic time of a planet in its orbit about the 
Run depends only on the masses of the sun and planet, 
and on the major axis of the orbit it descril)os, without 
regard to its degree of excciitricity, or to any other cle- 
ment. The mean sitlereal periods of the planets, there- 
fore, such as result from an average of a sufficient 
number of revolutions to allow of the compensation of 
the last-mentioned inequalities, are unalterable by lapse 
of time. The length of the sidereal year, for example, 
if concluded^it this present time from observations em- 
bracing a thousand revolutions of the earth round tlie 
sun, (such, in short, as vre now possess it,) is the same 
with that which (if we can stretch our imagination so 
far) must result from a similar comparison of ol)- 
Bcrvations made a million of years hence. 

(5()4.) This theorem is justly regarded as the most 
important, as a single result, of any which have hitherto 
rewarded the researches of mathematicians. We shall, 
therefore, endeavour to make clear to our readers, at 
least the principle on which its demonstration rests; 
and althou^i the complete application of that principle 
cannot he satisfactorily made without entering into de. 
tails of calculation incompatible with our oljects, we shall 
have no difficulty in leading them up to that point where 
those details must be entered on, and in giving such 
an insight into their general nature as will render it 
evident what must be &eir result when gone through. 
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(.5CJ.) ft is a property of elliptic motion performed 
under the influence of gravity, and in conformity with 
Kepler's law's, that if the velocity with w'hich a planet 
moves at any point of its orbit be given, and also die 
distance of that point from the sun, the major axis of 
the orbit is thereby also given. It is no matter in what 
direction the* planet may l)c moving at that moment. 
This will influence tlxe excentricity and the position 
of its ellipse, but not its length. This property of 
elliptic motion has been demonstrated by Newton, and 
is one of the most obvious and elementary conclusions 
from his theory. Let us now consider a planet de. 
scribing an indefinitely small arc of its orbit about the 
sun, under the joint influencci of its attraction, anrl the 
flisturbing power of another ]danct. This arc will have 
some certain curvature anti direction, and, therefore, 
may be^ considert'd as an arc of a certain ellipse de- 
scribed about the sun as a focus, for this plain reason,— 
that w'hatever he the curvature and direction of the arc 
in question, an ellipse may always be assigned, whose 
focus shall in the sun, and which shall coincide with 
it throughout the whole interval (supposed indefinitely 
small) between its extreme points. This is a matter 
of pure geotnetry. It does not follow, however, that 
the ellipse thus instantaneously determined will have 
the same elements as that similarly determined from t^e 
arc described in either the previous or the subsequent 
instant. If the disturbing force did not exist, this 
would be the case ; hut, by its action, a variation of the 
elements from instant to instant is produced, and the 
dlipse so determined is in a continual state of change. 
Now, when the planet has reached the end of the small 
arc under consideration, the question Whether it will in 
the next instant describe an arc of an etlipse having 
the same or a varied axis will depend, not on the new 
direction impressed upon it by the acting forces, — for 
the axis, as we have seen, is independent of that direction^ 
— not on its change of distance from the sun, while de* 
scribing the former arc, — for the dements of that arc 
A A 4 
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are accommodated to it, so that one and the' aanie axis 
must belong: to its l)0|:;lnniiig and its end. The question, 
in shorty whether in the next arc it shall take up a new 
major axis, or go on with the ohl one, will depend solely 
on this, — whether the vchnty has undergone, by the 
action of the disturbing force, a change incorapatible 
with the continuance of the same axis. \Vc say by the 
action of the disturbing force, because tlie central force 
residing in the focus can impress on it no such change 
of velocity as to lx* incompatible with the permanence of 
any ellipse in which it may at nay instant be freely 
moving alxuit that focus. 

Thus we see that the momentary variation 
of the major axis depends on nothing b\u the moment- 
ary deviation from the law of elliptic velocity produced 
by the disturbing fortr, without the least regard to the 
direction in which that extraneous velocity is imi-ressed, 
or the distance from the sun at which the planet may 
be situated in consequence of the variation of the other 
elements of its orbit. And as this is the case at every 
instant of its motion, it will follow that, after the lapse 
of any time however great, the amount of change which 
the axis may have undergone will be determined by the 
total delation from the original elliptic velocity pro. 
duced by the disturbing force ; without any regard to 
alterations which the action of tliat force may have pro- 
duced ill the other elements, except in so far as the 
velocity may be thereby modified. This is the point at 
which the exact estimation of the effect must be intrusted 
to the calculations of the geometer. We shall be at no 
loss, however, to perceive that these calculations can only 
terminate in demonstrating the periodic nature and 
ultimate compensation of all the variations of the axis 
which can «Jius arise, when we consider that the circu- 
lation of two planets about the sun, in the same direction 
and in incommensurable periods, cannot fail to ensure 
their presentation to each other in every state of ap. 
proach and recess, and under every variety as to their 
mutual distance and the consequent intensity of their 
mutual action. Whatever velocity, then, may be gene* 
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rated in oilb by the disturbing action of the othcr^ in 
one situation, will infallibly be destroyed by it an another, 
by the mere eifect of change of configuration. 

( 567 .) It appears, then, that the variations in the 
major axes of the planetary orbits depend entirely on 
cycles of configuration, like the great inequality of Ju- 
jiiter and Saturn, or the long inequality of the Earth 
and Wnus above explained, which, indeed, moy he re- 
gardefl as due to such ]»eriodic variations of their axes. 
In fact, the mode in which we have seen those inequa. 
lities arise, from the accumulation of imperfectly com- 
pensatecl actions of tlie tangential forcx>, brings them 
directly under the above reasoning : since the efficacy 
of tljis force falls almost wholly upon the veheity of 
tlie disturbed planet, whose motion is always nearly 
coincident with or opposite to its direction. 

(o()8i) Let us now consider the effect of perturbation 
in altering the excentricity and the situation of the axis 
of the disturbed orbit in its own plane. Such a change 
of position (as we have observed in art. 318.) actually 
takes place, although very slowly, in the axis of the 
earth's orbit, and much more rapidly in tliat of the 
moon’s (art. 360.) ; and these movements wc are now 
to account for. 

( 569 .) The motion of the apsides of the lunar and 
planetary orbits may Iw illustrated by a very pretty me- 
chanical experiment, which is otherwise instructive 
in giving an idea of the mode in which orbitual mo- 
tion is carried on under the action of central forces 
variable according to tlie situation of the revolving 
body. Let a leaden weight be auspended by a brass or 
iron wire to a hook in the under side of a firm beam, so 
as to allow of its free motion on all sidift of the vertical, 
and so that when in a state of rest it shall Jwst clear the 
floor of the room, or a table placed ten or twelve feet 
beneath the hook. The point of support should be well 
secured from wagging to and fro by the oscillatioR of 
the weight, which sliould be sufficient to keep the wire as 
tightly stretched as it will bear, with tlie certainty of 
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not breaking. Now, let a very small luotioi’i be com- 
raunicated^o the weight, not by merely withdrawing it 
from the vertical and Jetting it fall, but by giving it a 
sliglit impulse sideways. It will be seen to describe a 
re^ar ellipse about the point of rest a!> its center. If 
the weight he heavy, and carry attached to it a pencil, 
whose point lies exactly in the direction of tlic string, 
the ellipse may be transferred to paper lightly stretched 
and gently pressed against it. In these circumstances, 
tlie aituation of the major and minor axes of the ellipse 
will remain for a long time very nt?arly the same, though 
the resistance of tlie air and the stilFness of tlie wire 
will gradually diminish its dimensions and cxccntricity. 
But if the impulse communicated to the w'eight be con- 
siderable, so as to carry it out to a great angle (15'' or 
20® from the vertical), this permani^nce of situation of 
tlie ellipse will no longer subsist. ItvS axis will ^be seen 
to shift its position at every revolution of the weight, 
advancing in the same direction with the weight’s mo- 
tion, by an uniform and regular progression, which at 
length will entirely reverse its situation, bringing the 
direction of the longest excursions to coincide wdth tliat 
in which the shortest were previously made ; and so on, 
round the whole circle ; and, in a word, imitating to the 
eye, very completely, the motion of the apsides of the 
moon’s orbit. 

(570.) Now, if we enquire into the cause of tliis pro- 
gression of the apsides, it will not be difficult of detection. 
When a weight is suspended by a wire, and drawn aside 
from the vertical, it is urged to the lowest point (or ra. 
ther in a direction at every instant per]M?n(licular to the 
wire) by a force w'hich varies as the sine of the devi- 
ation of the wl*e from the perpendicular. Now', the 
sines of vcf^' small arcs are nearly in the proportion of 
the arcs themselves ; aud the more nearly, as the arcs 
are smaller. If, therefore, the deviations from the ver- 
tical are so small that we may neglect the curvature of 
the spherical surface in which tlie weight moves, and 
regard the curve described as coincident with its pro- ^ 
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jection on% horizontal plane, it will be then moving 
under the satne circumstances as if it were # revolving 
body attracted to a center by a force varying directly 
as the distance ; and, in this case, the curve described 
would be an (‘llipse, having its center of attraction not 
in the focus, .but in the center*, and the apsides of this 
ellipse wouhl remain fixed. But if the excursions of 
the w'eight from the vertical be considerable, the force 
urging it towards the center will deviate in its law from 
the simple ratio of the distances ; being as the gine, while 
tlie distances are as the arc. Now the sine, though it 
continues to increase as the arc increases, yet does not 
increase so fast. So soon as the arc has any sensible 
extent, the sine begins to fall somewhat short of the 
magnitude which an exact numerical proportionality 
would require ; and therefore the force urging the weight 
toward9 its center or point of rest, at great distances falls, 
in like proportion, somewhat short of that which would 
ket^p tile body in its precise elliptic orbit. It will no 
longer, therefore, have, at those greater distances, the 
same*command over the weight, in proportion to iU 
ftpecd, which would enable it to deflect it from its recti, 
linear tangential course into an ellipse. The true path 
which it describes wiU be less curved in the remoter parU 
than is consistent ndth the elliptic figure, as in the 
bexod cut ; and, therefore, it will not so soon have its 


n 



motion brought to be again at right angiles to the radius. 
It will require a longer continu^ action of the central 
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force to do this ; anti l)ofore it is accomplished** more than 
a quadranteof its revolution must be passed over in an- 
gular motion round the center. But this is only slating 
at lengthy and in a more circuitous manner^ that fact 
which is more briefly and summarily expressed by say- 
ing that tke apnidrs of it a orbit arc progressive, 

(571*) Now, this is what takes place, mutatis mUm 
tanflis, with the lunar and planetary motions. The 
action of the sun on the moon, for example, as we have 
seen, besides the tangential force, whose eflects we are 
not now considering, pro<luces a force in the direction 
of tVic radius vector, whose law is not that of the earth’s 
direct gravity. When compounded, therefore, with the 
earth’s attraction, it will deflect the moon into an orbit 
deviating from the elliptic figure, being either too much 
curved, or too little, in its recess from the perigee, to 
bring it to an apogee at exactly 180 ^ from the perigee; 
— too much, if the compound force thus produced de- 
crease at a slower rate than the inverse square of the 
distance (i. e. lie too strong in the remoter distances), 
too little, if the joint force decrease faster than gfavity; 
or more rapidly than the inverse square, am! be there- 
fore too weak at the greater ilistaiice. In the former 
case, the curvature, bi*ing excessive, will bring the moon 
to its apogee sooner than would bo the case in an 
elliptic orbit ; in the latter, tlie curvature is insufficient, 
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and will therefore bring it later to an apogee. In the 
former case, then, the line of apsides will retrograde ; in 
the latter, advance. (See fig, 1 . and fig. 2.) 

(o 7 ~*) Both these cases obtain in different cenfigur. 
ations of the sun and moon. In the syzigies, the efiect 
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of the Sun’S attraction is to weaken the p^ravity of the 
earth by a force, wliose law of variation, insHrad of the 
inverse stjuare, follows tlie direct proportional relation 
of the distance ; while, in tlic quadratures, tlie reverse 
takes place, — the whole effect of the radial disturbinp: 
force here c<uispiring with the earth's gravity, but the 
portion added hewing still, as in the former case, in the 
direct ratio of the distance. Therefore the motion of 
the moon, in and near tlu* first of tliese situations, will 
be ])erformed in an ellipse, whose apsides arc in a state 
of advance ; and in and near tlie latter, in a state of 
recess. Hut, as we have already seen (art. 55f).), tlie 
average effect arising from the mutual counteraction of 
these temponiry values of the disturbing force gives 
the preponderance to the ablatifious or enfeebling j>owfr. 
On the average, then, of a whole revolution, the lunar 
apogtH* will lid van c(*. 

(r>7t'h) The above reaKoniiig renders a satisfactory 
enough general account of tlie advance of the lunar 
apogee; hut it is not without considerable difficulty that 
it can be ap[)lied to determine numerically the rapidity 
of such arlA'ance : nor, when so a]»plied, dws it account 
for the w'holc amount of the movement in question, as as. 
signed by observation — not more, indeed, than about one 
half of it ; the remaining part is produced by the tang* p- 
tial force. It is evident, that an increase of velocity in 
the moon will have the same effect in diininishing the 
curvature of its orbit a.s the decrease of central force, 
and vtre trrsa. Now', the direct effect of the tangential 
force is to cause a ffuctuation of the moon s velocity 
above and below its elliptic value , and therefore an alter- 
nate progress and recess of the apogee. 'rhi» would 
compensate itself in each synoilic re^lution, were tin 
apogee invar iahk. Hut tills is not the case * p the apogee 
is kept rapidly advu/ncing by the action of the radial 
force, as above explained. An uncompensated portion 
of the action of the tangential force, therefore, remaiiib 
outstanding (according to the reasoning already so often 
employed in this chapter), and this portion is so dib. 
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tributed over die orbit as to conspire vrithT the former 
cause^ ancV in fact^ nearly to double its eftect. This is 
what is meant by geometers, when they say that this 
part of the motion of the apogee is due to the square of 
the disturbing force. The effect of the tangential 
force in disturbing the apogee would conii)ensate itself, 
were it not for the motion which the apogee has already 
had impressed upon it by the radial force ; and we 
have here, therefore, disturbance re.acting on disturb* 
auce. 

(574*.) The curious and complicated effect of perturb* 
ation, described in the last article, lias given more trouble 
to geometers than any other part of the lunar dieory. 
Newton himself had succeeded in tracing that part of 
the motion of the apogee which is due to the direct 
action of die radial force ; but finding tlic amount only 
half what observation assigns, he ap])oars do have 
abandoned the subject in despair. Nor, when resumed 
by his successors, did the enquiry, for a very long period, 
assume a more promising aspect. On the contrary, 
Newton's result appeared to be even minutely verified, 
and die elaborate investigations which were lavished 
upon the subject without success began to excite strong 
doubts whether this feature of the lunar motions 
could be explained at all by the Newtonian law of gra* 
vitation. The doubt was removed, howx*ver, almost in 
the instant of its origin, by the same geometer, Clairaut, 
who first gave it currency, and w^ho gloriously repaired 
the error of his momentary hesitation, by demonstrating 
the exact coincidence between theory and observation, 
when the effect of the tangential force is properly taken 
into the account. The lunar apogee circulates, as 
already stated (tirt. S6o.), in about nine years. 

( 575 .) if he same cause which gives rise to the dis. 
placement of the line of apsides of the disturbed orbit 
produces a corresponding change in its excentricity. 
This is evident on a glance at our figures 1. and 2, of 
art. 57 1 • Tims, in fig. 1 ., since the disturbed body, pro., 
ceeding from its lower to its upper apsis^ is acted on by 
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a force greater than would retain it in an elliptic orbit, 
and too much curved, its whole course (as fa«r as it is so 
affected) will lie within the ellipse, as shown by the 
dotted lino ; and when it arrives at the upper apsis, its 
distance will be less than in the undisturbed ellipse ; 
that is to say^.tho oxcontrlcity of its orbit, as estimated 
by the coin ])a rati ve distances of the two apsides from 
the focus, will 1 k‘ diminished, or the orbit rendered more 
nearly circular. The contrary effect iiill take place in 
the case of fig. 2. There exists, therefore, between the 
momentary si lifting of the perihelion of the disturbed 
orbit, and the momentary variation of its excentricity, 
a relation much of the same kind with that which 
connects the change of inclination with the motion of 
the nodes ; and, in fact, the strict geometrical theories of 
the two cases pr(\seiit a close analogy, and lead to final 
results f)f the very same nature. What the variation 
of excentricity is to the motion of the perihelion, the 
change of inclination is to the motion of the node. In 
cither case, the period of the one is also the period of 
the other ; and while the perihelia describe considerable 
angles by an oscillatory motion to and fro, or circulate 
in immense periods of time round tlic entire circle, the 
excentricities increase and decrease by comparatively 
small chwinges, and are at lengtli restored to their origin^ 
magnitudes. In tlie lunar orbit, as the rapid rotation 
of the nodes prevents the change of inclination from 
accumulating to any material amount, so tlie still more 
rapid revolution of its apogee effects a spcc^dy compen- 
sation in the fluctuations of its excentricity, and never 
suffers them to go to any material extent ; while the 
same causes, by presenting in quick auccessiori the lunar 
orbit in every possible situation to alf the disturbing 
forces, whether of the sun, the planets, or^the protu- 
berant matter at the earth s equator, prevent any secular 
accumulation of small changes, by which, in the lapse 
of ages, its clHpticity might be materially increased or 
diminished. Accordingly, observation shows the mean 
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excentiricity of the moon’s orbit to be. the ^arno now as 
in the eaiilicst ages of astronomy. 

( 57 G.) The movements of the perihelia, and varia.. 
tions of excentrieity of the planetary orbits, arc inter- 
laced and complicated together in the same mariner and 
nearly by the same laws as the variations of their nodes 
and inclinations. Kach actj upon every other, ami every 
such mutual action p;enerates its own peculiar period of 
compeiiHation; and everv such perioil, in pursiuincc of 
die principle of art. .VJti., is thence pro])uirated throughout 
the system. Thus arist* cycles upon cycles, of whose 
compound duration some notiiui may he foiincd, when 
we consider what is the length of one such jx riiKl in the 
case of the m|fr principal planets — Jupiter and Saturn. 
Neglecting tiw action of the rest, the (tllci of their 
mutual attraction would 1 h* to produce a variation in the 
cxccntricity of Satmn’s orbit, from () (t8U)|), its 
imum, to 0*01 'Uo, its nthihuum value; while that of 
Jupiter would varylictwccn the niirrovver limits, ()‘0()0.'^>G 
and O'Oid(tOt): the greatest excentricity of Jupiter cor- 
responding to the least of Saturn, and viva v(M. 'I’he 
IKiiod ill which these changes are gone through, would 
be TOtl-t years. After this example, it will be easily 
conceived tJiat many millions of ye.*ars will rt'quire to 
elapse before a complete fulhlinent of the joint cycle 
which shall restore the wdiole system to its original state 
as far as the exeentricities of its orbits are concerned* 
(577* ) place of theperihelimi of a planet's ofSlt 
is of little consequence to its well-being ; but its ex- 
centricity is most important, as u)>on this (the axes 
of the orbits being permanent) dof^ends the mean 
teiniveratiire of its surface, and tlie extreme vari- 
ations to vvbidi its seasons may Ik* liable. For it 
may be eaafty shown that the mm/t annual amount of 
light and heat received by a ]>lanet from the sun is, 
reeteris jianb^ustt as the minor axis of the ellipse dc- 
scriU'd by it. * Any variation, therefore, in the ex- 

* “On V'tr innmicji wluoli ma .i.iluonci; Gcologica! Phs, 
numcno.* — i 
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centrity by* changing; the minor axis, will alter the 
mean temperature of the surface. How suc^ a change 
will also influence the extremes of temperature ap])ears 
from art. 315. Now, it may naturally be enquired 
whether, in the vast cycle above spoken of, in which, 
at some period or other, conspiring changes may accu. 
inulate on the orbit of one planet from several quarters, 
it may not happen that the excentridty of any one 
planet — as the earth — may become exorbitantly great, 
so as to subvert those relations w'liich render it habitable 
to man, or to give rise to great changes, at least, in the 
physical comfort of his state. To this the researches 
of geometers have enabled us to answer in the negative. 
A relation has been demonstrated by Lagrange between 
the masses, axes of the orbits, and excentridties of each 
planet, similar to what we have already stated with re. 
spect to inclinations, vis. that if the tnties of each 
planet be multiplied by the equate root of the axis of ite 
orbit, and the product by the square of its eccentricity^ 
the sum of aU such products throughout the system is 
invariable^f and as, in jioint of fact, this sum is ex« 
treracly small, so it will always remain. Now, since the 
axes of the orbits are liable to no secular changes, this 
is equivalent to saying that no one orbit shall increase its 
excentridty, unless at die expense of a common fimd, 
the whole amount of which is, and must for ever remain « 
extremely minute.* 

14^578.) We have hinted, *n our last art. but one, at 
perturbadons produced in the lunar orbit by the pro. 
tuberant matter of the earth’s equator. The attracdon 
of a sphere is the same as if all its matter were con- 
densed into a point in its center ; but that is not the 
case with a spheroid. The attracdon of %uch a mass is 
'neither exactly directed to its center, nor doelat exactly 

* There li uoCblng in this relation, homercr, Ufccn peri% to letan 
ti»siiiallcrplaDeU---llercur 7 , ManuJuno, Cerci, See, — non aeatailnnlw^ 
oouM they acctmulate on tnemicleca, or any one of them, the wbo1« 
amount or this emitrMrs Jhtnd. But that can never be ; Jupiter and 
Saturn will always retain the liwi^ share of It A similar remark anpllee 
to the iiuiimahoH fund St ut 515. These/MMb, be k obi^o^ can never 
let into debt Every term of them is essentially poiitiTC. 

B B 
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follow the law of the inverse squares of the distances. 
Hence wjjl arise a series of perturbations;, extremely 
small in amount, but still perceptible^ in the lunar 
motions ; by wliich the node and the apogee will be 
‘ affected. A more remarkable consequence of tlvis cause, 
however, is a small nutation of the lunar orbit, exactly 
analogous to that which the moon causes in the plane 
of the earth s equator, by its action on the same elliptic 
protuberance. Arul, in general, it may be observed, 
that in the systems of planets which have satellites, the 
elliptic figure of tlie primary has a tendency to bring the 
orbits of the satellites to coincide with its equator, — a 
tendency wdiich, though small in the case of the earth, 
yet in that of Jupiter, whose ellipticity is very consider, 
able, and of Saturn especially, where the ellipticity of the 
body is reinforced by the attraction of the rings, iK'COmes 
predominant over every external and internal. cause of 
disturbance, and produces and maintains an almost exact 
<’oincidence of the planes in question. Such, at least, is 
the case with the nearer satellites. The more distant 
arc comparatively less affected by this cause, the differ- 
ence of attractions betw^een a sphere and spheroid 
diminishing witli great rapidity as the distance increases. 
'I'lius, while the orbits of all the six interior satellites 
of S^aturn lie almost exactly in the plane of the ring and 
equator of the planet, that of the external satellite, 
whose distance from Saturn is between sixty and seventy 
diameters of the planet, is inclined to that plane const, 
derably. On the other hand, this considerable dis. 
taiicc, while it permits the satellite to retain its actual 
inclination, prevents (by parity of reasoning) die ring 
and equator cf tlie planet from being perceptibly dis- 
turbed by its attraction, or being subjected to any ap. 
preciabloi movements analogous to our nutation and 
precession. If such exist, they must be much slower 
than those of the earth ; the mass of this satellite ^though 
the largest of its system) being, as far as can be judg!^ 
by its apparent size, a much smaller fraction of ^at 
of tJatnrn than the moon is of the earth ; while the 
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solar precesfion^ by reason of the iinincnae distance of 
Uie 6un, must be quite inappieciablc. 

(^f79') hy means of tlie |)crturbatio^iH of tlic 
]>laiiets, as ascertained by observation^ and compared 
witli theory, that we arrive at a knowledge of the masses 
of those planets, winch, having no satellites, oiier no 
other hold upon them for this purpose. Every planet 
produces an amount of perturbation in the motions of 
every other, proportioned to its mass, and to the degree 
of advantage or purcfiane W'hich its situation in the 
system gives it over their movements. The latter is a 
subject of exact calculation ; the former is unknown, 
otherwise than hy observation of its effects. In the 
determination, however, of the masses of the planets hy 
this means, theory lends the greatest assistance n> oh* 
Rcrvatioii, hy pointing out the combinations most favour- 
able for ^eliciting this knowledge from the eoufuMMl 
mass of superposed inequalities which affect every (>l>- 
served place of a planet ; by pointing out tlie laws of 
c’ach inequality in its periodical rise and decay ; and hy 
showing how every particular inequality depends for its 
magnitude on the mass producing it. It is thus that 
the mass of Jupiter itself (employeil hy Laplace in 
liis invesligatioiiH, and interwoven with all the ]>lanet- 
ary tables) has of laic been ascertained, hy observ. 
ations of the derangements produced hy it in the motif ps 
of the ultra-zodiacal planets, to have l)een insufficiently 
detcTmined, or rather considerably mistaken, by relying 
too much on observations of its satellites, made long 
ago hy Pound and others, with inadequate instrumental 
means. The same conclusion has been arrived at, and 
nearly the same mass obtained, by means of the |>ertur. 
bations produced by Jupiter on Encke's* comet. The 
error was one of great importance ; the massaj^ Jupiter 
bdng by far the most influential element in the planetary 
system, after that of the sun. It is satisfactory, then, to 
have ascertained,— -as by his observations Professor Airy 
is understood to have recently done, — the cause of the 
error; to have traced it up to its source, in insufficient 
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iiiicrometric measurements of the greatest elongations of 
the satelliij^ ; and to have found it disappear when mea- 
sures taken with more care, and with infinitely superior 
instruments, are substituted for those before employed. 

(380.) In the same way that the perturbations of 
the planets lead us to a knowledge of their masses, as 
compared witli that of the sun, so the perturbations of 
the satellites of Jupiter have led, and those of Saturn's 
attendants will, no doubt, hereafter lead, to a knowledge 
of th*J proportion their masses bear to tlieir respective 
primaries. The system of Jupiter's satellites has been 
elaborately treated by Laplace ; and it is from his theory, 
compared with innumerable observations of their eclipses, 
that the masses assigned to them in art. 463. have been 
fixed. Few results of theory are more gur|)rising, than 
to sec these minute atoms weighed in the same balance 
which we have applied to the ponderous mass of the 
sun, which exceeds the least of them in the cnonnous 
proportion of 63000000 to 1. 


CHAP. XII. 

OF SIDEREAL ASTRONOMY. 

or THE STABS OKMBALLY. — THEIB DISTEIBUTION INTO CLASSES 
ACCORDING TO THEIR APTARENT MAOKITUDES. — THEIR DIS- 
TRIBUTION OVER THE HKAVENb. OF THE MILKY WAY.— - 

ANNUAL PARALLAX. — BEaL DISTANCES, PROBAttLE DIMEK- 
biONB, AMD NATURE OF THE STARS. — VARIABLE STARS.— 
TEMPORARY STARS. — OP DOUBLE STARS. — THEIR REVOLUTION 
ABOUT EACH OTHER IK ELLIPTIC ORBITR — EITKNSION OT TOE 
LAW OP ORAVSTY TO SUCH SYSTEMS. — OF COLOURED STA& — 
PROPER SIJTION OP THE SUN AND STARS. — SYSTEMATIC ABER- 
RATION AND PARALLAX OP COMPOUND SIDEREAL SYSTEMS* 

— CLUSTERS OF STARS. — OF NBBULJl. — NEBULOUS STABS. — 
ANNULAR AND rLANETABY NUULHU — SODUCAL UOHT. 

(381.) Be 8 idf 4 ^ the bodies we have described in the 
foregoing chapters, the heavens present us with an itw 
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nuiDorable Multitude of other objects, which are called 
generally by the name of stars. Thoiigli comprehending 
individuals difTering from each other, not merely in 
brightness, but in many other essential points, they all 
agree in one attribute, — a high degree of pennanence as 
to apparent relative situation. This has procured them 
the title of fixed stars an expression wliich is to be 
understooil in a' ctimpaiRtivc and not an absolute sense, 
it being certain that many, and probable that all are in 
a state of motion, although too slow to be perceptible 
unless by means of very delicate observations, continued 
during a long series of years. 

(582.) Astronomers are in the habit of distinguishing 
the stars into classes, according to their apparent bright, 
ness. These are termed magnitudes* The brightest 
stars arc said to be of the first magnitude ; those whidi 
fall so ftir short of the first degree of brightness as to 
make a marked distinction are classed in the second, 
and so on down to the sixth or seventli, which comprise 
the smallest stars >isible to the naked eye, in the clearest 
and darkest night. Beyond these, however, tclcsco|>es 
continue the range of visibility, and magnitudes from 
the 8ch down to the l6th are familiar to those who are 
in the practice of using powerful instruments ; nor does 
there seem the least reason to assign a limit to tliis pro. 
gression ; every increase in the dimensions and power of 
inatrumenta, which successive improvements in optic<t! 
science have attained, having brought into view multi* 
tudes innumerable of objects invisible before ; so that, 
for any thing experience has hitherto taught us> the 
number of the stars may be really infinite, in the only 
se|lie in which we can assign a meaning to the word. 

(583.) This classification into magnitudes, however, 
it must be observed, is entirely arbitrary. Or t multitude 
of bright objects, differing probably, intrinsically, both 
in size and in splendour, and arranged at unequfd dis. 
tances firom us, one must of necessity appear the bright- 
est, one next below it, and so on. An order of succession 
B o 3 
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(rt^lative, of course, to our local situation aitiong them) 
must exist, and it is a matter of absolute indifference^ 
where, in that infinite progression downwards^ from the 
one brightest to the invisible, we choose to draw our 
lines of demarcation. All this is a matter of pure con« 
ventiori. Usage, however, has established such a con. 
vention ; and though it is impossible to determine 
exactly, or d priori^ where one magnitude ends and the 
next l)egins, and although different observers have dif- 
fered in their magnitudes, yet, on the whole, astro- 
nomers have restricted their first magnitude to about 
15 or 20 principal stars ; their second to 50 or O’O next 
inferior ; th(,‘ir third to about 200 yet smaller, and so 
on ; the numbers increasing very rapidly as we descend 
in the scale of brightness, the whole number of stars 
already registered down to the seventh magnitude, inclu- 
sive, amounting to 15000 or 20000. 

(584 ) As vre do not see the actual disc of a star, 
but judge only of its brightness by the total impression 
made upon the eye, the apparent ** magnitude" of any 
star will, it is evident, depend, 1st, on the star's distance 
from us ; 2d, on the absolute magnitude of its illumi- 
nated surface ; 3d, on the intrinsic brightness of that 
surface. Now, as we know nothing, or next to nothing, 
of any of these data, and liave every reason for believing 
that cacli of them may differ in different individuals, 
in the proportion of many millions to one, it is clear 
that we are not to expect much satisfaction in any con- 
clusions we may draw from numerical statements of the 
number of individuals arranged in our artificial classes. 
In fact, astronomers have not yet agreed upon any 
principle by which the magnitudes may be photome- 
trically arranged, though a leaning towards a geometrical 
l^rogression^ of which each term is the half of the preced- 
ing, may be discerned.* Nevertheless, it were much 
to be wished, that, setting aside all such arbitrary 
subdivisions, a numerical estimate should be formed^ 


Struve, Dorpat CataL of Double Stan, p. u&v, 
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grounded o» precise pliotometrical exj)eriint*nts, of the 
a])parent brightness of each star. This would afford ar 
definite character in natural history, and servS as a term 
of coinj)arison to ascertain the changes which may take 
place in them; changes which we know to happen in 
several, and may therefore fairly presume to be possible 
in all. Meanwhile, as a first approximation, the fol- 
lowing proportions of light, concludetl from Sir William 
Herschel's* experimental comparisons of a few selected 
stars, may be home in mind : — 

Light of a star of the average Ist magnitude 

2d 
^ 1(1 
4tli 
5th 
()th 

By my own experiments, T have found that light 
of Sirius (the brightest of all the fixed stars) la about 
324 times that of an average star of the {)th niag- 
nitude.f 

(585.) If the comparison of the apparent magnitudes 
of the stars with their numlxTs leads to no definite 
conclusion, it is otherwise when we view them in con- 
nection witli Uieir local distribution over the heavens. 
If indeed we confine ourselves to the three or four 
brightest classes, we shall find Uicm distributed with' 
tolerable impartiality over the sphere; but if we take in 
the whole amount visible to the naked eye, we shall 
perceive a great and rapid increase of number as wc 
approach the borders of the milky way. And 
when we come to telescopic magnitudes, we find them 
crowded beyond imagination, along tlte extent of that 
circle^ and of the branch which it sends otf ^rom it ; so 
(art. 253.) that in fact its whole light is composed of 
nothing but stars, whose average magnitude maybe stated 
at about the tenth or eleventh. 

i Tniii. Attroa Soe. UL Isa 
B D 4 


= 100 
= 2 .> 
= 12 .^ 
= 0 ’ 

=: 2 


• PhU Tf. 1817. 



S76 A TUBATlfUE qS AtTBONOHr* CEiAP. Xll. 

(586.) These phenomena agree with thcv supposition 
that the stars of our finnauient, instead of being scattered 
in all diie&ionB indifferently through spaoe^ form a stra. 
turn, of which the thickness is sm^^ in comparison with 
its lengdi and breadth; and in which the eartli occupies a 
place somewhere about the middle of its thickness, and 
near the point where it subdivides into two principal 
laminie^ inclined at a small angle to each other. For it 
is certain that, to an eye so situated, the apparent den. 
sity of the stars, supposing them pretty equally scattered 
through the space they occupy, would he least in a direc- 
tion of the visual ray (as S A), perpendicular to the 
lamina, and greatest in t^t of its breadth, as S B, S C, 
S D ; increasing rapidly in passing from one to the 
other direction, just as we see a slight haze in the atmo- 
sphere thickening into a decided fog hank near the 
horizon, by the rapid increase of the mere length of the 
visual ray. Acco^ingly, such is the view of the con* 
struction of tlie starry firmament taken by Sir M’^illiam 
Herscbelj whose powerful telescopes have effected a 
complete analysis of this wonderful zone, and demon. 

C 


strated the fact of its entirely consisting of stars. So 
crowded are they in some parts of it, that by counting 
the stars in a single field of his tdescope, he was led to 
conclude that 50000 bad passed under his review in a 
zone two degrees in breadth, during a single hour's oh. 
servation. Therimmense distances at which the remoter 
regions mi^ be situated will sufficiently account for the 
vast predominance of small magnitudes which are ob- 
servi^ in it 

(587-) When we speak of the comparative remote, 
nest of certain regions of the starry heavens beyond 
others, and of our own situation in them, the question 
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iinmediatel> arises^ What is the distance of the nearest 
fixed star? Wliat is the scale on which our visible 
firmament is constructed ? And what proportion do its 
dimensions bear to tliose of our own immediate system ? 
To this, however, astronomy has hitherto proved unable 
to supply an answer. All we know on this aubject is 
negative. We have attained, by delicate observations 
and refined combinations of tlkeoretical reasoning to a 
correct estimate, first, of the dimensions of the earth ; 
tlien, taking that as a base, to a knowledge of those oi' 
its orbit about the sun ; and again, by taking our stand, 
as it were, on the opposite borders of the circumferenoe 
of this orbit, we have extended our measurements to the 
extreme verge of our own system, and by the aid of what 
we know of the excursions of comets, have felt our way, 
as it were, a stc^p or two beyond the orbit of the re- 
motest Igiown planet. Itut between that remotest orb 
and the nearest star there is a gulf fixed, to whose ex- 
tent no observations yet made have enabled us to assign 
any distinct approximation, or to name any distance, 
however immense, which it may not, for any thing we 
can tell, surjiaBB. 

(588.) The diameter of the earth has served us as 
the base of a triangle, in the trigommvtrival survey of our 
system (art. 22(h), by which to calculate the distance of 
the sun : but the extreme minuteness of the sun's parallax 
(art. «S04.) renders the calculation from tliis ill-condi- 
tioned" triangle (art. 227 •) so delicate, that nothing but 
the fortunate combination of favouraUe circumstancea, 
afforded by the transits of Venus (art. 40.9.), could ren- 
der its results even toleraldy worthy of reliance. But 
tlie earth 8 diameter is too small a base for direct trian- 
gulation to the verge even of our own system (art. 449.), 
and we are, therefore, obliged to substitute annual 
parallax for the diurnal, or, which comes to the same 
thing, to ground our calculation on the relative vdocities 
of ^e earth and planets in their orbits (art. 414.), 
when we would push our triangulation to that extent 
It miglit be naturally enough expected, that by this' 
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enlargement of our base to the vast diameter of the 
earth's ofbit^ the next step in our survey (art.i^27.) 
would be made at a great advantage ; — that our change 
of station, from side to side of it, would produce a per- 
ceptible and measurable amount of annual parallax in 
the stars, and that by its means we should come to a 
knowledge of their <Ustance. But, after exliausting every 
refinement of observation, astronomers have been unable 
to come to any positive and coincident conclusion upon 
this head ; and it seems, therefore, demonstrated, that 
tile amount of such parallax, even for the nearest fixed 
star which has hitherto lieen examined witli the requi- 
site attention, remains still mixed up with, and con- 
cealed among, the errors incidental to all astronomical 
determinations. Now, such is the nicety to which 
these have been carried, that did the quantity in ques- 
tion amount to a single second (f. did the radius of 
the eartli’s orbit subtend at the nearest fixed star that 
minute angle) it could not possibly have escaped detec- 
tion and universal recognition. 

Radius is to the sine of 1'', in round num- 
bers, as aOO(KH) to 1. In tliis proportion, then, at 
iecuit, must the distance of tlic fixed stars from the 
sun exceed that of the sun from the earth. The 
latter distance, as we have already seen, exceeds the 
earth's radius in the proportion of 114000 to I ; and, 
iMtly, to descend to ordinary standards, the earth s 
radius is 4000 of our miles. The distance of the 
stars, then, cannot be *o email as 4SOOOOOOOO radii 
of the earth, or I 9 IIOOOOOOOOOOO miles ! How much 
larger it may be, we know not. 

( 590 .) In such numbers, the imagination is lost. 
The only mode we have of conceiving such intervals 
at all is by the time which it would require for light 
to traverse them. Now light, as we know, travels at 
the rate of 1 92000 miles per second. It would, there* 
fore, occupy 100000000 seconds, or upwards of three 
years, in such a journey, at the very lowest estimate, 
'What, tlien, are we to allow for the distance of those 
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innumerabltf stars of the smaller magnitudes which the 
telescope discloses to us f If we admit the light of a 
star of each magnitude to be half that of the magnitude 
next above it, it will follow that a star of the Arst mag. 
nitude will require to be removed to 362 times its dis- 
tance to appear no larger than one of the sixteenth. It 
follows, therefore, lhat among the countless multitude 
of such stars, visible in telescopes, there must be many 
whose light has tiiken at least a thousand years to reach 
us ; and that when we observe their places, and note 
their changes, we are, in fact, reading only their history 
of a thousand years' date, thus wonderfully recorded. 
We cannot escape this conclusion, but by ado])ting as an 
alternative an intrinsic inferiority of light in a// the 
smaller stars of the milky way. \Ve sliall be blotter able 
to estimate the probability of this alternative, when we 
have made acquaintance with other sidereal systems, 
whose existence the telescope ciiscloses to us, and whose 
analogy will satisfy us that the view of the subject we 
have taken above is in perfect hannony with the general 
tenmir of astronomical facts. 

(5fn.) Quitting, however, tlie region of speculation, 
and confining ourselves within limits wdiich we arc sure 
arc less than the truth, let us employ the negative 
knowledge we have obtained respecting the distances of 
the stars to form some conformable estimate of their 
real magnitudes. Of this, telescopes afford us no direct 
information. The discs which good telescopes show us 
of the stars are not real, but spurious — a mere optical 
illusion.*^ Their light, therefore, must be our only 
guide. Now Dr. Wollaston, by direct photometrical 
experiments, open, as it would seem, to no objections t, 
has a.scertained the light of Sirius, as received by us, to 
he to that of the sun as 1 to 20000000000. *#The sun, 
therefore, in order that it should appear to us no brighter 
than Sirius, would require to be removed to 141400 
times its actual distance. We hare seen, however, that 
the distance of Sirius cannot be so small as 200000 times 
« See Cab. Cyc. Optica. • f FhU. Trana. 1S29, p. 21 
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that of the sun. Hence it follows^ that^ upon the lowest 
possible eomputation^ the light really thrown out by 
Sirius cannot be so little as double that emitted by the 
sun ; or thal Sirius must, in point of intrinsic s^en- 
dour, be at least equal to two Buns> and is in all pro- 
bability vastly greater.* 

(592.) Now, for what purpose are we to suppose such 
magnificent bodies scattered trough the abyss of space ? 
Sui^y not to illuminate our nights^ which an additional 
moon of the thousandth part of the size of our own 
would do much better, nor to sparkle as a pageant void 
of meaning and reality, and bewilder us among vain 
conjectures. Useful, it is true, they are to man as 
points of exact and permanent reference ; but be must 
have studied astronomy to little purpose, who can sup- 
pose man to be the only object of his Creator's care, or 
who docs not see in the vast and wonderful apparatus 
around us provision for other races of animated beings. 
The planets, as we have seen, derive their light from the 
sun ; but that cannot be the case with the stars. These 
doubtless, then, are themselves suns, and may, perhaps, 
each in its sphere, be the presiding center round which 
other planets, or bodies of which we can form no con. 
ception from any analogy offered by our own system, 
may be circulating. 

(593.) Analogies, however, more than conjectural, 
are not wanting to indicate a correspondence between 
the dynamical laws which prevail in the remote r^ions 
of the stars and those which govern the motions of our 
own system. Wherever we can trace the law of pe- 
riodicity — the regular recurrence of the same pheno- 
mena in the same times— we are strongly impressed 
with the idcaV>f rotatory or orbitual motion. Among 
the stars w several which, though no way distinguisli- , 
able from others by any apparent change of place, nor 
by any difibrence of appearance in telescopes, yet un. 

* t>r. WoUuton, usumlnf, we think he li perfll!ctlj]uitlfled in daing, 
a much lower Uimt of pouale parallex tn Slriui then we have edepted in 
the text, hai concluded the UiUinslc light of SMui to be nearly that of 
fourteen «»«. 
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dergo a regular periodical increase and diminution of 
lustre, involving, in one or two cases, a co^iplete ex. 
tinction and revival. These are called periodical atora. 
One of the most remarkable is the star (hpieron, in the 
constellation CeiuCy first noticed by Fabricios in 1596. 
It appears about twelve Umes in eleven years, —-or, 
more exactly, in a period of 354 days ; remains at its 
greatest brightness about a fortnight, being then, on 
some occasions, equal to a large star of the second mag- 
nitude ; decreases during about three months, till it be. 
comes completely invisible, in which state it remains 
during about five months, when it again becomes visible, 
and continues increasing during the remaining three 
months of its period. Such is tlie general course of its 
phases. It does not always, however, return to the 
same degree of brightness, nor increase and diminish by 
the same gradations, llevelius, indeed, relates (Lalande, 
art. 7.94>*) that during the four years between October, 
and December, I 676 , it did not appear at all. 

( 594 .) Another very remarkable periodical star is that 
called Algol, or Persei. It is usually visible as a star 
of the second magnitude, and such it continues for tlie 
space of 2^ 14l^ when it suddenly begins to diminish 
in splendour, and in about 3^ hours is reduced to the 
fourth magnitude. It then begins again to increase, 
and in 5ji hours more is restored to its usual bright, 
ness, going through all its changes in 2^ 20^ 48"’, 
or thereabouts. This remarkable law of variation cer. 
tainly appears strongly to suggest the revolution round 
it of some opaque body, which, when interposed be- 
tween us and Algol, cuts off a large portion of its light ; 
and this is acconlingly the view taken of the matter by 
Goodricke, to whom we owe the discovery of this re- 
markable fact *, in the year 1762 ; since^irhicb time 

* The lame diicovcry appeari to have been made nearly abooltbe tame 
timeby IWtach,a&niier of ProUti, near UreMlen,— a paaiantbjritaliim. 
an Mtronoiner Iv nature, — who, nom bb familiar acquaintanoc with the 
Mpeot of the besrenf, had been led to notice among co many tbooiand 
ftan tbic one a# dbtinguiibcd fhm the reit by Iti varudlom and 
had aioectaiaed ito period. The lame Palitaeb was al#D the 6m to 
radbeover the pretfeted comet of HsUcy in VSO, which be »w 
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the same phtenomena have continued to he observed, 
though wiifh much less diligence, than their high in- 
terest would appear to merit. Taken any how, it is an 
indication of a high degree of activity, in regions where, 
but for such evidences, wc might conclurle all lifeless. 
Our own sun requires nine times this period to perform 
a revolution on its own axis. On the other hand, the 
periodic time of an opaque revolving body, sufficiently 
large, which should produce a siiuilar temporary ob- 
scuration of the sun^ seen from a fixed star, w’ould be 
leas than fourteen hours. 

The following list exhibits specimens of pe- 
riodical stars of every variety of period, so far as they 
can be considered to be at present ascertained : — 


Star's Name. 

Period 

Variation of 
MnKiiituile. 

Discoverers. 

/d PerHvi 

8 Cephei 

3 Lyrae 

T 7 Antinoi 
a llerculis 
* Serpciitia I 
RA. 1.5'' 41*" 1 

PD. 74^ IJ' J 

0 Ceti 
xCygni 

m U. • Hydra' 
H4 FI. Cygiii 

42() M. Leonis 

K Stigittarii 

1 ^ hconis 

U. II. M. 

il 'JO 4h 

5 8 87 

6 9 0 

7 4 1.7 

60 6 0 

180 — 

334 

396 21 0 

494 

1 a years 
Many yoarb 
Ditto 

Ditto ^ 

2 to 4 

.8.4— 5 

3 — 4.5 
3.4— 4.5 
3—4 

7? — 0 

2- 0 I 
6 —11 

4 — 10 j 
6 — 0 
7—0 

3— 6 
f? — 0 

f Goodricke, 1782. 
^Palit/ch, 1783, 
Goodricke, 1784. 
Goodricke, 1784. 
Pigutt, 1784. 
ller&chd, 1796. 

Harding, 1826. 

Fabricius, 1.796. 
Kirch. 1687. 
Maroidi, 1704. 
Jiin.<»un, 16(X). 

Koch, 1782. 

Halley, 1676. 
Montanari, 1667. 


The variatiohs of these stars, however, appear to he 
affected, fu'Vhaps in duration of period, but certainly in 
extent of change, by physical causes at present unknown. 


nearly « month t)«rnreany of the aatronAnien, who, anneil with their 
telcM'oiH'A, were anximMty watching ita return. Theac aiiccdotca carry us 
back to the ora ol' the Chaldean iilic{dicnlsw 
♦ Thi'se let ter x R. hX and M- refer ii> the C.ilaloj;ues of Bode, 
llamsteed, aiul Mayer. 
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The rion..apfiearance of o Ccti> during four years, has al«i 
ready Ix^en noticed ; and to this instance Vfe, may add 
that of X Cygni, which is stated by Cassini to have been 
scarcely visible throughout the years 1(>99» 1700, and 
170], at those times when it ought to have been most 
conspicuous. 

( 590 .) These irregularities prepare us for other phae- 
noinena of stellar variation, which have hitherto been 
reduced to no law of ])eriodicitY, and must be looked 
upon, in relation to our ignoranee and inexjierience, as 
altogetlicr casual ; or, if {teriodic, of periods too long 
to have occurred more than once within tlie limits of 
recorded observation. Tlie pbicnomeua we allude to 
are those of temporary stars, which have appeared, 
from time to time, in different parts of the heavens, 
blazing forth with extraordinary lustre ; and afu>r 
reinainii^g awhile apparently immovable, have died 
away, and left no trace. Such is the star wluch, sud. 
denly appearing in the year B, C., is said to have 
attracUnl the attention of Hipparchus, and led him to 
draw up a catalogue of stars, the earliest on record. 
Such, too, was the star which blazed forth, A. 1). .S8,9, 
near a Aquiln?, remaining for three weeks as bright as 
Venus, and disappearing entirely. In tlie years yiS, 
and 157'^, brillidut stars appeared in the region 
of the heavens between ('epheus and ('assiopeia ; and, 
from the imperfect account we have of the places of the 
two earlier, as compared with that of the last, which was 
well detennined, as well as from the tolerably near coin- 
cidence of the intervals of tlieir appearance, we may kus. 
pect them to he one and the same star, with a period of 
about 300, or, as (loodricke supposes, of 150 years. 
The appearance of the star of 1572 w%s so sudden, 
that Tycho Brahe, a celebrated Danish astrodamer, rtf. 
turning one evening (the llth of November) from 
hiB lalwratory to his dwelling.house, was surprised to 
find a group of country people gazing at a star^ which 
he was sure did not exist half an hour before. This 
was the star in question. It wtts tlien as bright as 
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Sirius^ and continued to increase till it surpassed Jupi- 
ter wheiv brightest^ and wbr visible at mid-dsy. It 
began to diminish in December of tlie same year, and 
tn March, 1574, had entirely disappeared. So, also, on 
the 10th of October, ]604, a star of this kind, and not 
less brilliant, burst f^orth in the constellation of Serpen- 
tarius, which continued visible till October, 16‘05. 

( 597 .) Similar phienomena, though of a let's splen. 
did character, have taken place more recently, as in 
the case of tlie star of the third magnitude discovered 
in 1670 , by Anthelm, in the heail of the Swan ; 
which, after becoming completely invisible, re-appeared 
and, after undergoing one or two singular fluctu- 
ations of light, during two years, at last died away 
entirely, and lias not since been seen. On a careful 
re-examination of the heavens, too, and a comparison of 
catalogues, many stars are now found to be jnissing ; 
and ^though there is no doubt titat these losses have 
often arisen from mistaken entries, yet in many in- 
stances it is equally certain that there is no mistake in 
the observation or entry, and that the star has really 
been observed, and as really has disappeared from tlie 
heavens.* This is a branch of practical astronomy 
which has been too little followed up, and it is precisely 
that in which amateurs of the science, provided with 
only good eyes, or moderate instruments, might employ 
their time to excellent advantage.f It holds out a sure 
promise of rich discovery, and is one in which astrono- 
mers in established observatories are almost of necessity 
precluded from taking a part by the nature of the 
observations required. Catalogues of the comparative 
brightness of the stars in each constellation have been 

• The Vlrginlii i« innerted in thelCaUilogiie oT the AMmnomieel 
Society ncri 2S«ch*i Zodiacal Cataloffue. I miiaed It oit the Sth May, 
lHi2S, and have kincc vc|)eatcd}y had ito place in the field of view of m/ 

h^ft reflector, without perceiving it, uul«a it be one of two equal itan 
of the Sth magnitude, very nearly in the pUoe it aniit have occupied.— 
JtUkor. * 

t ** Cm variaHona dei ^toilea toot bien digoet de I'attenlian d« dbierv 
Meun oirieux . . . IJn |our vleiidra, peut.Scre, oh lea aciencei aurait aafer 
d*ainatciir« pour qiron puisacsuflliea oeadi^taUa.”— ZA<aiM(r,ait 
Surely that day Is now arrivtA 
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constructikl by Sir Wm. Herschel, with the express ob- 
ject of facilitating these researches, and thb reader will 
dnd them, and a full account of his metlmd of coin, 
parison, in the Phil. Trans. And bubsi^quent 

years. 

(r><jS.) We come now to a class of phamomcna of 
quite a different cliaraet;«‘r, and which give us a real and 
positive insight inti) the nature of at least some among 
the stars, and enalile us unhesitatingly to declare them 
subject to the same dynamical laws, and t)beilifnt to the 
same power of gravitation, which governs our own sys- 
tem. Many of the stars, when examined with tele- 
scopes, are found to h<‘ tlouble, t. c. to consist of two (in 
some cases throe) individuals placi'd near together. 
llii.s might be attributed to accidental jiroximity, did 
it occur only in a few instance.s; but the frequency of 
this ctfmpaiiion.'shi]), the extreme closeness, and, in 
many cases, the near e(jiiality of the stars so conjoined, 
would alone lead to a strong susj)icion of a more near 
and intimate relation thuii mere casual juxtaposition. 
The bright star Castor, for examj)le, when much magni- 
fied, is found to consist of two stars of between the tbinl 
and fourth inagiiilutlc, w ithin of each other. Stars 
of this magnitude, however, aii&^jot so coininoii in the 
heavens as to render it at all likely that, if scattered at , 
random, any two would fall so near. But tliis is only one 
out of numerous such instances. Sir W^in, llerschel has 
enumerated upwards of oOO double stars, in which the 
individuals are within half a minute of each other ; 
and to this list Profi'ssor Struve of Dorpat, prosecuting 
the enquiry by the aid of instruments more conveniently 
mounted for the purpose, has recently added nearly 
five times that number. Other obst'rvew^ have stiil 
further extended the catalogue, al^ca^ly so large, witli- 
out exhausting the fertility of the heavens. Among 
these are great numbers in which tlie interval between 
the centesa of the individuals is less than a single second, 
of which f Arietis, Atlas Plciadum, y Corone, 17 f-o- 
rone, 17 and 5 Herculis, and t and X Ophiuchi, may 
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Ih' cited OS instances. They are divided idto classes 
according to tlicir distances — the closest fonning 
tjto first class. 

'V^hen these comhiuations were first noticed^ 
it was considered that advantage might be taken of them, 
to ascertain whetiier or not the annual motion of the 
earth in its orbit might not produce a relative appa- 
rent displacement of the indi^'iduals constituting a 
double star. SLi])posing them to lie at a great distance 
one behind the other, and to appear only by casual jux^ 
taposition nearly in the same line, it is evident that any 
motion of the earth must subtend ditterent angles at the 
two stars so juxtaposed, and must therefore produce 
iJifierent parallactic displacements of them on the sitr. 
face of the heavens, regardeil as infinitely distant. 
Every star, in consequence of the earth's annual motion, 
should ap]»car to describe in tlie heavens a smalKelli[Kse, 
(distinct from that which it would apj)ear to describe in 
consequence of tlie alierraliou of light, and not to he 
confounded with it,) bt ing a section, by the concave 
surface of the heavens, of an oblique elliptic cone, hav- 
ing its vertex in the star, and tin* earth's orbit for its 


A 



base ; this section^ will be of letf dimensions, the 
more distant is the st^ If, tlten, we regard two stars, 
apparently situated '^^tuose beside each odier, but in 
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reality at Very (different distanccB^ their parallactic el- 
lipses will be similar^ hut of iliHbreiit cUincilKions. Sup- 
pose, for instance, S and « to be the positions of two 
stars of such an apparently or optically double star as 
Si'en from the sun, and let A B C P, a bed, Ik; their 
parallactic ellipses ; then, since they will l)c at all times 
similarly situated in these ellipses, when the one star is 
seen at A, ilie other will be seen at a. When tlie earth 
has made a ijnarter of a revolution in its orbit, their ap- 
parent places will lie B h ; when another quarter, C c, ; 
and when another, 1) d, If«then, we measure carefully, 
with micrometers adapted for the purpose, their appa- 
rent situation with respect to each other, at diffiwit 
limes of the year, wt should perceive a periodical clmnj;e, 
Iwth in the directum of the line joining them, and in 
the distance between their centers. For the lines A a 
and CV cannot tie parallel, nor the lines lift and Dr/ 
equal, unU*ss the ellipses lie of equal dimensions, ?. v, 
unless the two stars have the same parallax, or are equi- 
distant iVom the earth. 

.((iOO.) Now, micrometers, jiroperly mounted, enable ‘ 
us to measure very exaetly both the distance between 
two objects which can Ik* seen togetlier in the same 
field of a telescope, and tin* jtosition of tlie line joining 
them with respect, to the horizon, or the meridian, oi* 
any other deternunate <lirection in the heavens. The 
meridian is chostn a« the moat convenient; and the 
situation of the line of ^junction lietw^een the two stars 
of a tlouble star is referred to its direction, by placing 
in the focus of the eye-jdece of a telescope, eqiiatori- 
ally mounted, two cross wires making \ right angle, 
and adjusting their position so that ^me of the two 
stars shall just run along it by its diurjjal motion, 
W'hile the telescope remains at rest; noting tlieir si- 
tuation; and then turning the whole system of wire? 
round in its own plane by a proper mechanical move- 
ment, till the other wire becomes exactly parallel to their 
line of junction^ and reading on a divided circle the 
angle the lyires have moved through. Such an appiv- 
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ratus is called a position rriioroineter ; and by its aid we 
determine tfle anglv nf pfmtioa of a double star, or the 
angle which their line of junction makes with the meri- 
dian ; which angle is usually reckoned round the whole 
circle, from 0 to .'UiO, beginning at the north, and pro- 
ceeding in the direction north, following (or east) south, 
preceding (or west). 

((>1)1), 'rhe udvuTitages winch tliis mode of operation 
oilers for the estimation of iMrallax are many and great. 
In the first place, the result to be obtaint'd, being de. 
pendent only on tlie relative ap]iarent displacement of 
the two stars, is luiaffectcil by ahnost every cause which 
would induce error in the separate deterinination of the 
place of either by right ascension ami declination. Re- 
fraction, that greatest of all obstacles to accuracy in as- 
tnmomical determinations, acts ei|iialJy on lx)th stars ; 
and is lliercfore eliminated from the result. have 
no longer any thing to fear from errors of graduation 
in circles from levels or jdumb-lincs — from uncertainty 
atti'iuling the urauog rapid cal reductions of al>erration, 
precession, <S;c. — all which Iwar alike on both objects. 
In a word, if wo suppose the stars to have no proper 
motions of their own by which a rm/ change of relative 
situation may arisw', no other cause but their difference 
of parallax can possibly affect the observation. 

(dOik) Such were the considerations which first in- 
duced Sir William Ilerschel to collect a list of double 
st irs, and to subject them all to careful measurements 
of their angles of position and mutual distances. He 
had hardly entered, however, on these measurements, 
before he was diverteil from the original object of the 
inquiry (which# in fact, promising as it is, still remains 
open and ^ifitouchcd, though the only method which 
seems to offer a chance of aucccss in the research of 
j»arallux,) by phojiionicna of a very unexpected character, 
which at once engrossed his whole attentioiiii Instead 
of finding, as he expected, that annual fluctuation to 
and fro of otic star of a double star with respect to the 
other, — that alternate annua! increase and decreaseof their 
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distance and angle of position^ tbc parallax of the 

earth's annual motion would produce^ — h(^ observed, in 
many instancesj a regular progressive change ; in some 
cases liearing chieHy on their distance^ — in others on their 
position, and advancing steadily in one direction, so as 
clearly to indicate either a real motion of the sUrs th(*uu 
helves, or a general rectilinear motion of the sun and 
whole solar system, prevducing a parallax of a higher 
order than would arise from the earth's orbitual motion, 
and which iniglit he called systrmaHc parallax. 

(fiO.*!.) Supposing the two stars in motion independ- 
ently of each other, and also the snn, it i.s clear that 
for the interval of a few years, those motions must be 
regarded as rectilinear and uniform. Hence, a very 
sliglu acquaintance with geometry will suffice to show 
tliat the apjmrmt motim of one star of a double* star, 
referral to the other as a center, and mapped down, as 
it were, on a plane in whicli that other sludl lie taken fi)r 
a fixed or zero ]unnt, can he no other than a right line. 
This, at lca.st, must be the case if the stars he independ- 
cut of each other ; but it will U* otherwise if they have 
a physical connection, .such as, for instance, real proxi- 
mity and mutual gravitation would establish. In that 
case, they would describe* orbits round each other, and 
round their common center of gravity ; and therefore 
tile apparent path of either, reiVrred to the other av 
fixed, instead of lieing a portion of a straight hue, 
would be bent into a curve concave towards tJiat other. 
The observed motions, however, vrere so slow', tliat many 
years' obscr^’ation was required to ascertain this point ; 
and it was not, therefore, until the year 1 HO.l, twenty- 
five years from tlie coinmenecinent of the enquiry, that 
any tiling like a pa^itive conclusion coul^ be come to 
respecting the rectilinear or orbitual charact2;r of the ob- 
served changes of position. 

(604.) In that, and the subsequent year, it was dis- 
tinctly announced by Sir William Herschel, in two 
papers, which will be found in the Transactions of the 
Boyal Society for these years, that there exist sidereal 
c c 3 
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syHtorns, com[)OH('(l of two stars revolvioj^ irtKiut rach 
othrr in ropilar orhits, ami constituting what may bo 
tinned hiwirif utam, to distineruish them from double 
sums generally so called, in which iliese physically con- 
m'cieil stars are eonlbnndc«l, perhai>8, with others only 
opfirafh/ double, or casually juxtapose<l in the heavens 
at diflen-nt distances from the eye ; whereas the indi- 
\ iduals of a binary star are, of eourse, eijiiiriistant from 
the eye, (o*, at least, cannot differ more in distance than 
the vemidiametcr of the orhit they deserihe about each 
other, which is ipiite insignificant coinjnired with tlie 
immense distance ht twoeii them and the earth. Jie- 
t;urn iilty ami sixty instances of changes, to a greater 
or less amount, in the angles of position of double stars, 
are adduced in the memoirs above mett tinned ; many 
of whicli are too <lecide<l, and loo regularly progressive, 
to allow of their nature l)cing misconceived. In jitarticiu 
lar, among the more conspicuous stars, — Castor, y \’ir- 
ginis, i Crwe, 7<1 f^pbiuehi, ^ and ly Coromr, J Hootis, 
r. Cassiopeia:*, y Leonis, ij' Herculis, i Cygni, y. Bootis, 
c 1 and I ;*> Lyra*, Opliiucbi, y Draconis, and ^Aquarii, 
are emnueraied as among the most remarkable instances 
of the observed tnotion ; and to some of them even pe- 
riodic times of revolution arc assigneil, approximative 
only, of course, and rather to be regarded as rough 
guesses than as results of any exact calculation, 
which the data were at the time quite inadequate. For 
instance, tJte revolution of Castor is set down at 
years, tliat of y Mrginis ut 708, and that of y Looms at 
l‘iO() years. 

(fiO.i.) Subsequent observation has fully confirmed 
these rosulte, not only in their general tenor, but for 
the most part in individual detail. Of all the stars 
above namcvl, there is not one which is not found to 
Ik* fully entitled to be regarded as binary ; and, in fact, 
this list comprises nearly all the roost considerable ob- 
jects of that description which have yet been detected, 
though (as attention has been closely drawn to the sub- 
ject ^d observations have multiplied) it has, of late. 
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lx*gun to«xteiid itself rapidly. The numlier of doiiblt* 
stars which are certainly known to possess this peculiar 
character is l)etwuen thirty and forty at Ihe time we 
wrik', and more arc enierping into notice with every 
fresh mass of observations w’hieh come before the j>ub- 
lie. They rwpiire excellent tekiscoiH's for their olwicrv- 
ation, beinj^for tlu' most part so close as to necessitate 
the us(* of very hijjh inafrnihers, (such as would be 
considered extremely ]K»werfiil inirroscopcs if employer! 
to examine ohjecls within our reach,) to perceive an in- 
terval between the individuals which compose them. 

((i()(i.) It may easily be snpposeil, that ]>hapiumiena 
of this kind would not pass without attr^mpts to connect 
them with dynamical theories. From their first disco- 
very, they were naturally referred to the a;iency of some 
power, like that of ^gravitation, eonneciiiig the stars tlms 
tleino,ustrated to he in a state of cireulntion almiit each 
other ; and the extension of the Newtonian law of gravi- 
tation to these remote systems wa.s a step so (diviotis, and 
so W'el! warranted by our experience of its albsuftieicfit 
agency in our ow’n, as to have lu'en expressly or laeitly 
made by every one who has given the subject any sliare 
of his attention. We owe, bowTver, the first distinct 
system of calculation, by whicli the elliptic olemaits of 
the orbit of a binary star could be ibdiieed from ob- 
aervations of its angle of position and distance at differ- 
ent epochs, to M. Savary, who showed •, that the 
motions of one of the most remarkable among them 
{{ Ursip) were explicable, within the limits allowable 
for error of observation, on the supposition of an elliptic 
orbit described in the short period of ycRrs. A dif- 
ferent proccBs of computation has conduct4id Professor 
Encket to an elliptic orbit for 70 Qphiuchi, described 
ill a period of si;veiity-fouT years ; anc^ the author of 
theae pages has himself attempted to contribute his 
mite to diese interesting investigations. The following 
may be stated as the chief results which have been 
hitherto ohtainetl in this branch of astronomy : — 

• ConDoisi. dw Temi)*, IbJO, f Dcrlin Kpheni IfiJH, 

C C i 



A TRKATIBE OX ASTRONOMY. 


CHAP. Xll. 




i 

! 

1 N.unt» of St<in. 

FVr.*rfl ot 
KcVolutl'ill. 

Muj'if hMIll- 
a sit of 

ExreiUru'ity 

7 I.e^nis 

7 V'iru,im’s 

\ r.ir*. 

f JS-“OCK) 


OS.;;J.iO 


41- 



cr CormiH’ 


.4'<>T9 

O h l I'Ja 

(Victor 

1 'Jl'J'f.fUrf) 1 

1 H 0 S»; 

0-7.>h‘J0 

70 Ophiiidii - 
£ rr'.a* ► 



0-4f;(i70 


1 


^ C.iricfi 

Tl i (irorwf 

^ i 

4:i' 10 




(^Oj.) Of tliesi', perhaps, the must remarkable is 
*) Viri'inis, not only on account of the lenpth of its 
period, hut by reason idso of tlie great diminution of 
apparent distance, and rapid increase of angular motion 
about each other, of the indi^idual^ composing it. It is 
a bright star of the fourth magnitude, and its component 
stars arc almost exactly equal. It has \tce\\ known to con- 
sist of tw'(» stars since the beginning of the eighteenth 
centuryj their distance being then between six and seven 
seconds ; so that any tolerably good telescope would resolve 
it. Since that time they luve liecn constantly approaclu 
ing, and are at present liardly more than a single second 
asuntlcr ; so tliat no telescope, that is not of very su]Mfrior 
quality, is competent to show them otherwise than as a 
single star somewhat lengthened in one direction. It 
fortunately happens, that Bradley, in 17IS) noticed, and 
record^Hl in the margin of one of his observation books, 
tl)c apparent direction of their line of junction, as being 
parallel to tha^ of two remarkable stars, a and £ of the 
same constellaaon, as seen by the naked rye ; and this 
note, which haa lieeii recently rescued from oblivion by 
the diligence of Professor Rigaud, has proved of signal 
service in the investigation of their orbit.,. They are en- 
tered also as distinct stars in Mayer's catalogue ; and tliis 
affords also another means of recovering their relative 
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situation the date of hia observations, which were 
made about the year 1756 . WiUiout particulariKing 
individual mvasurenicnts, which will he found in their 
jiroper rojKisitorios it will suffice to remark, that their 
whole series (wliich since the lieginning of the present 
century has Ix-en very numerous and carefully inude^ 
and wliicli emhraces an angular motion of and a 

diminution of distance to one sixth of ita former 
amount) is repres<‘nte<l with a degree of exactness 
ft* (iff ftjital to thot of o four vatian iinf/f by an (lli]ise of 
the dimensions and period stateil in the foregoing little 
table, and of which the further rerjuisite ]tarticular.s arc 
a.-» follows ; — 

IVriheliou pri'.snx*-’* August 18. 1834. 

liicii nation of ur])U to the visual ray - - - iIi?o .'Jh' 

Angle <if iiusitioii of the iMTihelioii projected on 
the ligavens ------ 

Anglo of |‘<ositiori fd the line of imkIcs, or intersec- 
tion of the pbnc of the oibtt uiththv surface of 
the heavens 

(60.S.) If the gri'at length of the periodK of some of 
these bodies lie remarkable, the shortness of those of 
others is hardly less so. 15 (. orona* has already made a 
comjilete revolution since its first discowry hy Sir Wil- 
liam ilerschel, and is far aihanced in its second period ; 
and f l-rsa*, ( (.’anert, and 70 Ophiuchi, have »J1 
nccomplLshetl hy far tlie greater parts of their respective 
diipaes sincA* the same epoch. If any dmiht, thendbre, 
could remain as to the reality of their orhitual moti<tfiB, 
or any idea of ex]>laining them hy men; parallactic 
changes, these facts must suffice for their complete dis* 
aipation. We have the same evidence^ indit'd, of their 
rotations about each other^ that we ha\K; of thoae of 
Uranus and Saturn about the sun ; and thc^corrcspond- 
ence between their calculated and observed places in 
suich very elongated ellipses, must be admittetl to carry 
with it proof of the prevalence of the Newtonian law of 
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gravity in their systcints, of tlic very same and 

cogeiK'y aa that of the calculated ami observed places of 
comets rounS the central laxly of our own. 

(h'Of).) But it is not with the revolutions of bodies 
of a planetary or cometary nature round a solar center 
tliat we are now concerned : it is with that of sun 
around sun-— each^ perhaps, acconipanicd with its train 
of planets an<l their satellite's, closely hbrouded from 
our view by the splendour of tlieir respecliv*' suns, and 
crowded into a sjiace hearing harrlly a greater ]>n»p(u'- 
tioii to the enormous interval winch si’j);irateK Mcr//, 
tlian the distances of tlie satellites of our planets from 
tlieir primaries l)ear to their distanci's from tlie ^un 
itself. A less distinctly characterized siilH)nlination 
would be incompatible with the stability of their sys- 
tems, and with the planetary nature of their <»rl>it8. 
Unless closely ne.stled luulcr the protecting wing (>f their 
immediate 8U]>erior, the sweep of their other sun in iu 
perihelion passage round their own might carry them 
oft’, or whirl them into orbits utterly incompatible with 
die conditions necessary for the existence of their in- 
habitants. It must be confessed, that we have here a 
strangely wide and novel held for speculative excursions, 
and one which it is not easy to avoid luxuriating in. 

(dlO.) Many of the double stars exhibit the curious 
and beautiful phicnomenon of contrasted or coinple- 
nientary colours. * In such instances, the larger star is 
usually of a ruddy or orange hue, wiiile the smaller one 
appears blue or green, probalily in virtue of that general 
law of optics, which provides, that wlien the retina is under 
the influence of excitement by any bright, coloured light ; 
feebler lights, wliich seen alone would produce no sens- 
stiuD but of whiiemTss, shall for the time appear colourtfd 
with the tij^f complementary to that of die brighter. 
Thus, a yellow colour predominating in the light of die 
• other suns, perhaps. 

With their attendant moons thou wilt descr}, 

C'ommunk'iiting male and female light, 

(Which two great sexes animate the world,! 

Stored in each orb, iterhaps, with sonic that hve 

Paradise Loit^xm 14S. 
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brighter litar, that of tlie less bright one in the same 
field of view will appear blue ; while, if the tint of the 
brighter star verge to crimson, that of tfi»' other will 
exhibit a tendency to green — or even aj>peHr as a vivid 
green, under favourable circinnstances. The former con- 
trast is lieautifully exhibited by * Cancri — the latter by 
7 Andromeila' ; both fine double stars. If, bi)we\er. the 
coloured star be much the less bright of the two, it will 
not materially affect the other. Thus, for instance, t, 
(Jassiopeite exhibits the beautiful combination of a large 
white star, and a small one of a rich ruddy purple. It 
is by no nu‘an.s, however, intended to say, that iit all 
sucli cases one of the colours is a mere (‘fleet of contrast, 
and it may he easier suggested in word-, than c(»nceiM‘d 
in imagination, what vaiidy of illumination two 
fiunjf — a red and a green, or a y< How and u blue one — 
must giUml a planet cireidating about (itln r; and what 
charming contrasts and “grateful viei^siiiides," — a red 
and a green day, for instance, alternating with a white 
one and with darkness, — might arise from the presence 
or absence of one or other, or both, above the horizon. 
Insulated stars of a red colour, nlmo.st as (le(‘p as that of 
lilood, occur in many parts of the heavens, hut no green 
or blue star (of any decided hue) has, we helic'vc, ever 
lieou noticed unassociated with a (!ompanion brighter 
than itself. • 

(611.) Another very inleresling subject of enquiry ,»in 
the physical history of the stars^ is their proj>er motion. 

priori^ it might be ex|»erted that apparent motions of 
some kind or other should be delated among so great 
a multitude of individuals scattered through space, and 
with nothing to keep them fixed^ Their mutual attrac. 
tions even, Jiowever inconceivably enfeebled hy distance, 
and counteracted by opposing attraction^ i'rom opposite 
quarters, must, in tlie lapse of countless ages, produce 
some movements — some change of internal arrange- 
ment — resulting from the difference of the opposing 
actions. And it is a fact, that such apparent motions 
do exist, not only among single, but in many of tlte 
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double stars; which, besides revolvinp; round each 
other, or r^und their common center of gravity, are 
transferred, witliout parting conipany, by a progressive 
motion common to lM>th, towards some determinate 
region. For example, the two stars of 6l Cygni, which 
are nearly equal, have rtmiained constantly at the same, 
or very nearly the .same, distance, of 1 for at least 
fifty years past. Meanwhile they have sliified their 
local situation in the lu'avens, in this interval of time, 
through no less than 4' 123'', the annual proper motion 
of each star Ixiing 5 "*3 ; by which quantity (excenling 
a third of their interval) tlus system is every year car- 
ried bodily along in some unknown ])aih, by a motion 
which, for many centurie**, must be regarded as uniform 
an<l rectilinear. Among stars not double, and no way 
differing from the rest in any other obvious particular, 
/i/. Cassiopeia! is to \x* remarked as having the greatest 
proper motion of any yet ascertained, amounting to 
V of annual displacement. And a great many others 
have been observed to he thus constantly carried away 
from their places by .snidUer, hut not less unequivocal 
motions. 

(6Ji2.) Motions which require whole centuries to ac- 
cumulate btdbre they produce changes of arrangement, 
such as the naked eye can detect, though quite sutficient 
to destroy that idea of mathematical fixity which pre- 
cludes speculation, are yet too trifling, as far as practical 
applications go, to induce a cliange of language, and 
lead us to speak of the stars in common parlance as 
otherwise than fixed. Too little is yet known of their 
amount and directions, to allow of any attempt at refer, 
ring them to definite laws. It may, however, be stated 
generally, that thifir apparent directions are various, and 
seem to havQ bo marked common tendency to one point 
more than to another of the heavens. It was, indeed, 
aupposed by Sir William Herschel, that such a common 
tendency could lie made out; and that, allowing for 
individual deviations, a general recess could be perceived 
in the principal stars, fratn that point occupied by the 
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Star ^ lleKulis, towards a point diametrically opposite. 
This generally tendency was referred b|f him to a 
motion of the sun and solar system in the opposite 
direction. No one, who reflects with due attention on 
the subject, wdll l)e inclined to deny the liigli proba« 
bility, nay certainty, that the sun /tag a proper motion 
in .some direction ; and the inevitable consequence of such 
a motion, unparticipated by the rest^ ininst be a slow 
avpra^e apparent tendency of all the stars to the va- 
nisiiing point of lities parallel to that dirtu;tion, and to 
the region which he is leaving. This is the necessary 
effect of perspective ; and it i.s certain that it must lx? 
detected by such observations, if we knew' accurately the 
apparent proper motions of all the stars, and if wc 
were sure that they w'ere independent, i. e. that the 
whole firmament, or at least all that part which we see in 
our ow'^i n(‘ighbourhood, w'crc not drifting along together, 
by a general net as it were, in one direction, the result 
of unknown processes and slow inhjrnal chang»‘8 going 
on in the sidereal stratum to which our system belongs, 
a« tve see motes .sailing in a current of air, and k(*eping 
nearly the same relative situation with resj)ect to one 
another. I5ut it seems to be the general opinion of 
a.stronomers, at present, that their scicn(*e is not yet 
matured enough to afford data for any secure conclu- 
sions of tlii.s kind one way or other. Meanwhile, a 
very ingenious idea has been suggesred by the present 
Astronomer Royal (Mr. Pond), vi'^. that a solar motion, if 
it exist, and have a velocity at all comparable to that of 
light, mu.st necessarily produce a nolar alHfrratim ; in 
consequence of which we do not see the stars disjiosed 
as they really are, but too much crowded in the region 
the sun is leaving, too open in that he i| approaching. 
(Set art. ti80.) Now this, so long as the%olar velocity 
continues the same, must be a constant effect which 
observation cannot detect; but shonid it mry in the 
course of ages, by a quantity at all commensurate to 
the velocity of the earth in its orbit, the fact w'ouhl ho 
detected by a general apparent rmh of all the stars to the 
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one or other quarter of tlie heavens, accordiiiff rfk the sun’s 
motion wercf accelerated or retarded ; wljicli observation 
would not fail to indicate, even if it s])ould amount to 
no more than a very few seconds. I'his consideration, 
refined and remote a’^ it is, may serve to j: 5 i\e some idea 
of* the delicacy and intricacy of any emjiiiry into the 
matter of proper motitni ; since the last mentioTK'd effect 
would necessarily be mixed up with the systematic 
parallax, and could only 1 m- separated from if by eoiisi- 
derinp; that the nearer stars would be in'lected more than 
the distant (»nes by the one cause, but both near and 
distant alike by the other. 

(()I3.) When wo cast our eyes over the concave of the 
heavens in a clear niurht, we do not fail to ehserve that 
there are here and there groups of stars whii‘h seem to 
Ik‘ coniptessed together in a more eondensed inunner 
tJiaii in the neighhouring parts, forming bright f>aicheb 
and clusters, which attract attention, as if they wen; 
there brought togollier by some general cause other 
than casual distribution. There is a group, called the 
I'leiades, in which six or seven stars may be noticed, if 
tile eye be directed full upon it ; and many more if f/if 
eye la? turned carelessly aside, while the attention is kept 
directed* upon the group. Telescopes show’ tifty or 
sixty large stars thus crowded together in a very 
moderate space, comparatively insidated from the rest 
of the* heavens. The constellation called Coma IJcre- 
nices is another such group, more diffused, and consist- 
ing of much larger stars. 

((il4.) In the constellation Cancer, there is a some- 
what similar, but less definite, luminous sjiot, called 
rrn?st*pe, or the dice-hive, which a very moderate tele- 

• l! IS a vpry^-'ip'irkahlr t'.irtfth.'.i tJu» t-rutrr of the- vwuat arr.i i6 lij t.»r 
los> sonstblo to itH'blo im|*ro»Miiu- ot I’uht, than the rvicrtor fH>rtuin« of the 
retina. Few pcnsoiM are nwartMif Uu- extent to winch thu* c»Di|Miriitivc 
lii«cniiibibty exteiulii, iirevinun fo trial. To aiiprn-iate it, let the reader look 
alternately l\iU at a star itf the fifth mainntuile, .and beside it , or rhnoae 
two, ri]u.allv hriKht, and aliout or 4^^ :i|>art,aiid look full at one of them, 
theprolvrbilitv »*, he will see o«/v Mr such, at leaat, i- ni> own case. 

I'he fart for the multitude ot stars with which we arc mipreased 

bv a general view of the heavens j their jiaui’ity iihen vc come to count 
them. — 



CHAP. XII. CLUSTERS OF STARS. if09 

scope, — liii ordinary nigh Uglasfi, for instance, .^resolves 
entirely into stars. In the sword-handliR of IVrseus, 
also, is another such spot, crowded with stars, which 
requires rather a better telescope to resolve into indivi. 
duals separated from each other. Tiiese arc culled 
clusters of stars ; and, whatever lie their nature, it is 
certain tliat otln^r laws of ag^^regation subsist in tliesc 
s{)ots, than those which have determined the scattering 
of stars over the general surface of the sky. This 
conclusion is still more strongly pressed upon us, when 
we come to bring veiy powerful Udescopes to l)ear 
on these and similar spots. There are a great numlnir 
of objects which have l»cen mistaken for comets, and, 
in fact, have vrvy uiucli the appearance of comets witlu 
out tails : small round, or oval iiolmlous specks, uliich 
Hcopes of moderate power only show as such. Mcbsut 
has giten, in the (Jimnoh. Tempn for 1784*, a list of 
the places of lO.'i objects of this sort ; winch all those 
who search for comets ought to be familiar with, to 
avoid being misied by their similarity of appearance. 
7'hat they are not, however, comets, their fixity suffi- 
ciently proves ; and when wre come to examine them 
with instruments of great pow'er, — such as reflectors of 
eighteen inches, i wo feet, or more in aperture, — any such 
idea is completely destroyed. They are then, for the 
most part, perceived to consist entirely of stars crowded 
tf)gether so as to occupy almost a definite outline, ami 
to run up to a blaze of light in the center, where their 
condensation is usually the greatest. (See fig. 1 , pi. ii., 
which represents (somewhat rudely) the thirteenth ne- 
bula of Messier b list (described by him as nehukuHe mm 
etoUoi), as seen in the ^0 feet reflector Slough).* Many 
of them, indeed, are of an exactly round fj^re, and con- 
vey the complete idea of a globular space* filled full of 
stars, insulated in the heavens, and constituting in it- 
self a family or society apart from the rest, and subject 

* This iKautiful olyc < t was first nnfired by Hallry in 171*. It i»> Tisiblo 
to the nak<Hl 4<yr>, bclvri'f n tho stars r, anti ^ llerculis in a nigbUglass It 
ajjpearvvxaitly like a imall rounUcvnitt. 
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only to its own internal laws. It would be a vain task 
to attempt id count the stars in one of these globular 
cluiftert. They are not to be reckoned by liundreds ; 
and on a rough calculation, grounded on the apparent 
intervals between them at the borders (where they are 
seen not projected on eacli other), and the angular dia- 
meter of the whole group, it would appear that many 
clusters of this description must contain, at least, ten or 
tw'enty thousand stars, coinjiacted and wedged together 
in a round fc]»acc, whose angular iliaincier dws not ex- 
ceed eiglit or ten minutes ; that is to say, in an area not 
more than a tenth part of that covered hy the moon. 

((ilo.) Perhaps it may be thought to savoiir of tlie 
gigantesque to look upon the individuals of such a 
graup as suns like our own, and their mutual distances 
as equal to those which separate our suti fiom the 
nearest fixed star: yet, when we consider that their 
vnitod lustre affects the eye with a less impression of 
light than a star of the fifth or sixth magnitude, (for 
tlio largest of these clusters is haiely visible to the 
naked eye,) tlie idea wv are thus compelled to form of 
their dUtauce from us may render even such an esti- 
mate of their dimensions familiar to our imagination ; 
at all events, we can hardly look uj»on a group thus in- 
aulated, tlius in fteijm tot us ^ frresy ufqur rotuwlnsy as not 
fbrining a system of a peculiar and definite character. 
Their round figure clearly indicates the existence of some 
general bond of union in the iialiirc of an attractive force ; 
and, in many of them, there is an evident acceleration 
in the rate of condensation as wc approach the center, 
w'hich is not referable to a merely uniform distribution 
of equidistant stqrs through a globular space, Imt marks 
an intrinsic d’*nsxtg in their state of aggregation, greater 
at the center than at the surface of the mass. It is 
diifieult to form any conception of tho dynamical state 
of such a system. On the one hand, without a rotatory 
motion and a centrifugal force, it is hardly possible not 
to regard them a’^ in a state of progressive collapse. On 
the otlier, granting such a motion and such a force^ we 
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find it no»lm difficult to reconcile the apparent splieri. 
city of their form with a rotation of the ^hole system 
round any single axis, without which internal coliUioua 
would ap^tear to be inevitable.* The following arc the 
places, for 1 830, of a few of the principal of these re- 
markable objects, as specimens of their class : •— > 
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(61(5.) It is to Sir William Hcrschel tliat we owe 
the most complete analysis of the great variety of those 
ohjeetSAvhich are generally classed under the common 
head of Nebula, but which have been separated by him 
into — Ist, Clusters of stars, in which the stars are 
clearly distinguishable ; and these, again, into globular 
and irregular clusters. f2d, Resolvable nebula, or such 
as excite a suspicion that tliey consist of stars, and 
which any increase of tlie optical power of the telescope 
may be expected to resolve into distinct stars ; .3d, Ne- 
bula, properly so called, in which there is no appear, 
ance whatever of stars ; which, again, have been sub. • 
divided into subordinate classes, according to their 
brightness and size ; 4th, Planetary nebula ; 3th, 
Stellar nebula ; and, 6th, Nebulous stars. The great 
power of his telescopes has disclosed to us the- existence 
of an immense number of these objects, and shown them 
to be distributed over tlie heavens, not by any means 
uniformly, but, generally speaking, wiili a j^arked pre- 
ference to a broad zone crossing the milky %ay nearly 
at right angles, and whose general direction is not very 
remote from that of the hour circle of 0*^ and 12^. In 
some parts of this zone, indeed, — especially where it 


* See a note on this lul^ect «t the end of (be work, pi 415. 
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crosses the constellations Coma ISeranices^ and 

the Great Upar,— they an* as.si*mbleil in great nurnl)ers ; 
beings however, for tlie most part tvivscopic, and Yx^yond 
the reach of any but the most powerful instruments. 

((il7*) Clusters of stars are either glolmlar, such as 
we have already described, or of irregular tigure. These 
latter are, generally speulitig, less rich in stars, and 
es|>ecially less condensed towards the ceuiter. 'I'hcy are 
also less definite in point of outline ; so that it is often 
not easy to say ivhcre tlu^y tenninate, or nlietlier they 
are to l)c regarded otherwise than as merely richer parts 
of the heavens than those around them. In some of 
them the stars arc nearly all (if a si/c, in others 
extremely different ; and it is no uncommon thing to 
find a very red star much hrigliter than th(‘ rest, occu- 
pying a conspicuous situation in them. Sir William 
llersclic] regards these as globular clustirs ie a less 
advanced staU' of condensation, conceiving all such 
groups as approaching, by their mutual attraction, to 
the globular figure, and assembling themselves together 
from all the surrounding region, under laws of which 
we have, it is true, no other proof iliaii the observance 
of a gradation by which their characlers shade into one 
another, so that is im|K)ssible to say wliere one species 
ends and the other begins. 

llesolvable nehnlur can, of course, only be 
considered as clusters either too remote, or consisting of 
stars intrinsically too faint to affect us by their in- 
dividual light, unless where two or three hajipeu to he 
close enough to make a joint impression, and give the 
idea of a point brighter than the rest. They are almost 
universally round or oval— their loose appendages, and 
irregularities of form, being as it were extinguished by 
the distanoj, and only the general figure of the more 
condensed parts being discernible. It is under the 
appearance of objects of tins character that all the 
greater globular clusters exhibit themselves in tele- 
scopes of insufficient optical power* to show tliem well ; 
and the conclusion is obnous, that those which the 
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most poi^rful can barely render resolvable, would be 
completely resolved by a further increase of instru. 
mental force. 

(Olf).) Of nebulsc, jiropcrly so called^ the variety is 
again very great. Ity far the most remarkable are 
those Teprc? 8 ent(Hl in fys. 2. and 3. Plate 111., the 
laltc?r of whirlv represents the nebula* Burroiinding the 
quadruple (or rather sextuple) star $, in the constella- 
tion Orion; the former, that a(}out 17 , in the southern 
constellation Uolmr ( aroli ; the one discovered by 
Huygens, in WSdi, and figured as seen in the twenty 
feet reflector at Slough ; the other by Lacaille. from a 
figure by Rfr. Dunlop, PIuI. Trans. 1 827* The nebu- 
lous character of tliese objects, at least of the former, is 
very different from vhat might U' supposed to arise 
from the congregation of an immense collection of small 
stars. •It is formed of little flocky masses, like w'isps 
of cloud ; and such wi.sps seem to adhere to many small 
stars at its outskirts, and especially to one considerable 
star (represented, in the figure, l>clow' the nebula), which 
it envelopes with a nebulous atmosphere of considerable 
extent and singular figure. Several astronomers, on 
comparing this nebula with the figures of it handed 
down to us by its discoverer, Huygens, have CMncJuded 
that its form has undergone a |H>rcej)tiblc change. Hut 
when it is considered how difficult it is to leprcsent* 
such an object duly, an<l how entirely its apjM'arance 
will differ, even in llie same telescope, according to the 
clearness of the air, or other ternj>orary causes, we shall 
readily admit that we have no evidence of change that 
can be relied on. 

(620.) PlateJI.y?< 7 . 3. represents a nebula of a quite 
different character. The original of thi:|^ figure is in 
the constellation Andromeda near the staf k. It is 
visible to the naked eye, and is continually mistaken fot 
a comet, by tliose unacquunted with the heavens. 
Simon Marius, who notic^ it in l6l2, describes its 
appearance as that of a candle shining through bom, 
and the resemblance is not inapt. Its forni is a pretty 
D D 2 
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long oval, increasing by insensible gradations 'Of brigliU 
nvss, at ftrat very gradually^ but at last more rapidly, 
up to a central point, which, tliougli very much brighter 
than the rest, is yet evitlently not stellar, but only nebula 
in a high stale of eoiuleiiKation. It has in it a few 
small stars ; but they arc obviously casual, ami the nebula 
itself offers not tlie sliglitest appearance to give ground 
for a suspicion of its consisting of stars. It is very 
large, Isnng nearly half a degree long, and 15 or 20 
minutes broad. 

(6'21.) This may l)c considered as a type, on a large 
scale, of a very numerous class of nebulie, of a round or 
oval figure, increasing more or less in density toH'urds 
the central ])oint : they differ extremely, however, in 
this respect. In some, the condensation is slight and 
gradual; in otliers great and sudden; so sudden, indml, 
that they present tlio appearance of a dull and blotted 
star, or of a star with a slight burr round it, in 
whicli case they are called stelligr nebula* ; while 
others, again, offer the singularly 1x;autiful and striking 
plnenoinenon of a sharp and brilliant star surrounded 
by a perfectly circular disc, or atmosplicre, of faint 
light in some cases, dying away on all sides by insen. 
siblc gradations ; in others, almost suddenly terminated. 
I'hese are Hebulou9 »tar9, A very fine example of such 
a star is 5.5 Andromeda* R. A. 1*‘ N. P. D. 50® 7^ 
i Orionis ami i of the same constellation are also 
nebulous ; but the nebula is not to be seen without a 
very powerful telescoiu?. In tlie extent of deviation, too, 
from the spherical form, which oval nebulc affect, a 
great diversity is observed : some are only slightly 
elliptic ; others much extended in leng^ ; and in some, 
the extension so great, as to give the nebula the character 
of a long narrow, spindle-shaped ray, tapering away at 
both ends to ftoints. One of tlie most remarkable speci- 
mens of this kind is in R. A. 12^ 28*“; N. P. D. 65® 4'. 

(()22.) Annular nebulae also exist, but are among the 
rarest objects in the heavens. The most conspicuous 
of tliib class is to be found exactly half way between the 
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stars /5 arii! y Lyne, and may seen with a teloscope 
of moderate power. It is small, and parlieularly well 
dedned, so as in fact to have much more the appearance 
of a fiat oval solid ring than of a nebula. 'Fhe axes 
of the ellipse arc to each other in the proportion of 
about 4 to 5y and the opening occnpiini about half its 
diameter : its light is not (juite uniform, Imt has some* 
thing of a curdled appearance, particularly at the exterior 
eilge ; the central opening is not entirely dark, hut is 
filled uj) with a faint hazy light, uniformly spread over 
it, like a Hue gauze stretched over a hoop. 

(623:) Planetary nebula; are very extraordinary ob- 
ject. They have, as their name imports, exactly the 
a})iK*arance of planets ; round or slightly oval discs, in 
some instances quite sharply terminated, in others a 
little hazy at the borders, and of a light exactly ecpiablc 
or onl^ a very little mottled, which, in soirio of them, ap- 
proaches in vividness to that of actual planets. A\'haU 
ever k* their nature, they must 1 h' of enormous magnitude. 
One of them is to be found in the parallel of v Aquarii, 
and about 5’“ preceding that star, Its apparent diameter 
is about £0^^ Another, in the constellation Andromeda, 
presents a visible disc of 12", perfectly defined and 
round. Granting these objects to ht equally distant 
from us with the stars, their real dimensions must ht‘ , 
such as would fill, on the lowest computation, the whole 
orbit of Uranus. It is no less evident that, if they be 
solid bodies of a solar nature, the intrinsic splendour of 
their surfaces must be almost infinitely inferior to that 
of the sun’s. A circular portion of the sun's disc, Bub« 
tending an angle of 20", would give a light equal to 
100 full moons; while the object^ in question are 
hardly, if at all, discernible with the nak^xl eye. The 
uniformity of their discs, and their want^of apparent 
central condensation, would certainly augur their light 
to be merely superficial, and in the nature of a hollow 
spherical shell ; but whether filled with solid or gaseous 
matter, or altogether empty, it would be a waste of 
time to conjecture. 
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(624.) Among tho nebula* which possess ftn evident 
symmetry of form, ami stH'in clearly entitled to be re- 
garded as systems of a definite nature*, however myste- 
rious their structure and destination, the most remark- 
able are the filst and 27lh of Messier's catalogue. The 
fonner consists of a large and bright globular nebula 
surrounded by a double ring, at a considerable distance! 
from the globe, or rather a single ring divided through 
about two fifths of its circumference into two lamina*, 
and having one ])orti(in, as it were, turne'd up out of the 
plane of the rest. 'I'he latter consists of two bright and 
highly condensed round or slightly oval lu bula*, united by 
a short neck of nearly the same density. A faint ntbu- 
lous atmos))here comi>lefes the figure, envi'loping them 
both, and filling up the* outline of a circumscril)cd ellipse, 
whose shorter axis is the axis of symmetry of the sys- 
tem about which it may he supjK»8ed to revolve, '*or the 
line passing through the centers of both the nebulous 
masses, 'fhose objects have never been properly de- 
scribed, the instruincnts with which they were originally 
discovered having been (juite inadequate to showing the 
peculiarities above mentioned, which seem to place them 
in a class apart from all others. The one ofiers obvious 
analogies either with the structure of Saturn or with that 
of our own sidereal firmament and milky way. The 
otlior has little or no resemblance to any other known 
object. 

(f)!2o.) The nebula? furnish, in every point of view, 
an inexhaustible field of speculation and conjecture. 
That by far the larger sliare of them consist of stars 
there can l)e little doubt ; and in the interminable range 
of system upon system, and firmament upon firmament, 
which we Uius catch a glimpse of, tlie imagination is be- 
wildered ami lost. On the other hand, if it be true, as, 
to say the least, it seems extremely probable, tiiat a pbos. 
phorcscent or self-luminous matter also exists, dissemi- 
nated through extensive regions of space, in the manner 
of a cloud or fog — now assuming capricious sliapes, 
like actual clouds drifted by the wind, and now con- 
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ccntratinp; itself like a cometic atmosphere around parti, 
cular stars ; — ^-hat, we naturally ask, is the nature and 
destination of this nebulous matter ? Is it absorbed by 
the stars in whose neighbourhood it is found, to funiish, 
by its condeiifiation, their supply of light and heat ? or 
is it progressively concentrating itself hy the effect of its 
owm gravity into masses, and so laying the foundation 
of new sidereal systems or of insulated stars? Jt is 
easier to propound such questions than to offer any pro. 
bable reply to them. Meanwhile, a))peal to fact, by 
the method of constant and diligent observation, is opeTi 
to us ; and, as the double stars haw' yielded to this style 
of* questioning, and disclosed a series of relations of the 
most intelligible and interesting description, we may 
reasonably hope that the assiduous study of the nebulic 
will, ere long, lead to some clearer understanding of 
their intimate nature. 

M'e shall conclude this chapUir by the mcn- 
tidn of a pluvnornenon^ which seems to indicate the ex- 
istence of soint* sliglit degree of nebulosity about the sun 
itself, and evi'u to place it in the list of nebulous stars. 
It is called the zodiacal light, and may lie seen any very 
clear evening soon after sunset, about the months of 
April and May, or at the opposite season before sun- 
rise, as a cone or lenticular-shaped light, extending 
from the horizon obliquely upwards, and following, 
generally, the course of the ecliptic, or rather that of 
the sun’s equator. The apparent angular distance of its 
vertex from the sun varies, according to circumstances, 
from 40^ to t)0°, and die breadth of its base perpen- 
dicular to its axis from 8" to 30®. It ia extremely 
faint and ill defined, at least in tj^is climate, though 
better seen in tropical regions, but cargiot be mistaken 
for any atmospheric meteor or aurora ^xnrealis. It is 
manifesdy in the nature of a thin lentieularly^formed 
atmosphere, surrounding the sun, and extending at least 
beyond the orbit of Mercury and even of Venus, and 
may be conjectured to be no other than the denser part 
of that medium, which, as we have reason to believe, 
D D 4 
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resists the motion of comets ; loaded^ perhaps/with the 
actual materkls of rlie tails of millions of those Inxlies^ 
of which they have been stripped in their successive 
perihelion pas6ap;cs (art. 48?.), and which may be slowly 
subsiding into the sun. 


CHAP. XIII. 

OF TUB CALENDAR 

(f)27-) Time, like distance, may be measured by com- 
parison with standards of any length, and all tiuit is 
requisite for ascertaining correctly the hmgth of any in- 
U)rval, is to l)c able to apply the standard to the interval 
tliroughout its whole extent, without overlapping on the 
one hand, or leaving unmeasured vacancies on the other ; 
to determine, without the possible error of a unit, the 
iiumbcT of integer standards which tlie interval admits 
of being interposed lx?tween its beginning and end ; and 
to estimate precisely the fraction, over and above an 
integer, which remains when all the possible integera 
are subtracted. 

(()28.) Hut though all standard units of time are 
equally possible, theoretically speaking, all are not, prac- 
tically, equally convenient. The tropical year and the 
solar day are natural units, which the wants of man and 
the business of society force upon us, and compel us to 
adopt as our greater and lesser standards for the raea. 
surement of time, for all the purposes of ci^-il life ; and 
that, in spite %f inconveniencics which, did any choice 
exist, would sp€>cdily lead to the abandonment of one or 
other. The principal of these arc their incommensura^ 
hf/itji/, and the want of perfect uniformity in one at least 
of them. 

( 629 ,) The mean lengths of the sidereal day and 
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year, wlam estimated on an average sufficiently large to 
compensate the fiuctuatioiis arising froir^ nutation in 
tlie one, and from inequalities of configuration in the 
other, are the two most invariable quantities which na» 
ture presents us with; the former, by reason of the 
uniform diurnal rotation of the earth — the latter, on ac- 
count of the jn variability of the axes of the planetary 
orbits. Hence it follows tliat the mean solar day is 
also invariable. It is otherwise witli the tropical year. 
The motion of the cx^uinoctial ))oints varies not only 
from the retrogradation of the equator on the ecliptic, 
but also partly from that of the ecliptic on the orbits 
of sdi the other planets. It is therefore variable, and 
tliis produces a variation in the tropient year, which is 
dependent on the place of the equinox (arts. CtlJ, ^28.) 
'file tropical year is actually above 4*21* shorter than 
it wasriii tlie time of Hipparchus. This absence of the 
most essential requisite for a standard, viz. invariability, 
renders it necessary, since we cannot help employing the 
tropical year in our reckoning of time, to adopt an arbi* 
trary or artificial value for it, so near the truth, as not 
to admit of the acciim\ilation of its error for several 
Qcnturies producing any practical mischief, and thus 
satisfying the ordinary wants of civil life ; while, foi 
scientific purposes, the tropical year, so adopted, is con-^ 
sidered only as the representative of a certain number 
of integer days and a fraction — tiie day Iwing. in effect, 
the only standard employed. The case is nearly analo- 
gous to the reckoning of value by guineas and sliillingv, 
an artificial relation of the two coins being fixed by law, 
near to, but scarcely ever exactly coincident with, the 
natural one, determined by the relative market price of 
gold and silver, of which either the ovTe or the other — 
whichever is really the most invariable, oisthe most in 
use with other nations, — may be assumed as the true 
theoretical standard of value. 

(630.) Tile other inconvenience of the standards in 
question is tlieir incommensurability. In our measure, 
of space, all our subdivisions are into aliquot parts : a 
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yard is three feet, a niile eight furlongs^ &c.* But a 
year is no ea^^t number of clays, nor an integer number 
with any exact fraction, as one third or one fourth^ over 
and above ; but the 8ur])lus is an inctymmmsuruhle frac- 
tion, composed of hours, riiiiiutcs, seconds, &c., which 
produces the same kind of inconvenience in the reckon- 
ing of time that it would do, in that of money, if we 
had gold coins of the value of tw-enty-one shillings, with 
odd pence and farthings, and a fraction of a farthing 
over. For this, however, there is no remedy but to 
keep a strict register of the surplus fractions ; and, when 
they amount to a wliole day, cast them over into the 
integer account. * 

(()31.) To do this in the simplest and most con- 
venient manner is the object of a well-adjusted calendar. 
In the Gregorian calendar, which wc Kdlow, it is ac. 
complished, with remarkable sim[)licity and ncatna>s, by 
carrying a lUilc farther than is done above the prin* 
d])le of an assumed or artificial year, and adopting two 
such years, both consisting of an exact integer number 
of days, viz. one of 365 and the other of .'{(Jf), and lay- 
ing down a simple and easily remembered rule for the 
order in which these years shall succeeil each other in 
(he civil reckoning of time, so that during the lapse of 
at least some thousanils of years the sum of the integer 
artificial, or Gregorian, years elapsed shall not difibr 
from the same number of retd tropical years by a whole 
day. By this contrivance, the equinoxes and solstices 
will always fall on days similarly situated, and bearing 
the same name, in each Gregorian year ; and the sea- 
sons will for ever coTres|K)nd to the same months, in- 
stead of running^the round of the whole year, as they 
must do upop any other system of reckoning, and 
used, in factj to do before this was adopted. 

(6S2.) The Gregorian rule is as follows : — The years 
are denominated from the birth of Christ, according to 
one chronological determination of Uiat event. Every 
year whose number is not divisible by 4 without re- 
mainder, consiste of 365 days j every year which It bo 
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divisible) but is not divisible by 100^ of 3()6 ; every year 
divisible by 1()0^ but not by 400, again of 3()5 ; and 
every year divisible by 400, again of 3o(>. For ex- 
ample, the year 183.3, not being divisible by 4, con- 
sists of days ; 1836 of 36ii ; 1800 and 1900 of 
363 each ; but 2000 of 366. In order to see how near 
this rule will bring us to the truth, let us see whst 
number of (la\s 10000 Gregorian years will contain, 
beginning with the year 1. Now, in 10000, the num- 
bers not divisible by 4 will be J of 10000, or 7500; 
tliose divisible by 100, but not by 400, will in like 
manner be ^ of 100, or 7<>; that, in the 10000 years 
in^question, 7.')75 consist of 3l)t>, and the remaining 
2423 of 363, producing in all 3632425 days, which 
would give for an average of each year, one with another, 
S65*^ * 2425. The actud value of the tropical year (art 
327*) reduced into a decimal fraction, is 365*24224, so 
the error of the Gregorian rule on 1 0000 of the present 
tropical years is 2*6, or 2<i 14>< 24"‘ ; that is to say, 
less than a day in 3000 years ; which is more than suf- 
ficient for all human purposes, those of the astronomer 
excepted, who is in no danger of being led into error 
from this cause. Even this error might be avoided by 
extending the wording of the Gregorian rule one step 
farther than it.s contrivers probably thought it worth 
while to go, and declaring that years divisible by 4000 
should consist of 365 days. This would takeoff two 'in- 
teger days from the above.calculated number, and 2*5 
from a larger average; making the sum of days in 100000 
Gregorian years, 3()524225, which difiero only by a 
single day from lOOO(X) real tropical years, such as they 
exist at present. 

(633.) As any distance along a^igh road 
though in a rather inconvenient and roWidabout way, 
be expressed without introducing error by setting up a 
series of milestones, at intervals of unequal lengths, no 
that every fourth mile, for instance, should be a yard 
longer than the rest, or according to any other fixeil 
rule; taking care only to mark the stones, so as to 
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leave room for no mistake, and to advertise all travellers 
of the (lifierc^ce of Icnt^ths and their order of succes- 
sion ; HO may any interval of time be expressed correctly 
by stating in what Cvregorian years it l)egins and ends^ 
and whereabouts in each. For this statement coupled 
with tlie declaratory rule^ enables us to say how many 
integer years are to l)e reckoned at :Ui5, and how many 
at 3G6 days. The latUT years are called bissextiles, or 
leap-years, and the surplus days thus thrown into the 
reckoning arc called inirreahry or ifap^rfays, 

(634.) If the Gregorian rule, as above stated, had 
always bt^m adhered to, nothing would be easier than 
to reckon the number of days elapsed Ix'tween the pre- 
sent time and any historical recorded event. But this 
is not the case ; and the history of the calendar, with 
reference to chronology, or to the calculation of ancient 
observations, may he compared to that of a clock, going 
regularly when left to itself, but sometimes forgotten to 
be wound up ; and when wound, sometimes set for- 
ward, sometimes backward, and that often to serve par. 
ticular purposes and private interests. Such, at least, 
ap])ear8 to have been the case with die Roman calendar, 
ill which oiir own originates, from the time of Numa 
to that of Julius Caesar, when the lunar year of 13 
months, or 355 days, was augmented at pleasure, to cov. 
respond to the solar, by which the seasons are deter- 
mined, by die arbitrary intercalations of the prints, 
and the usurpations of die decemvirs and other magis. 
trates, till the confusion became inextricable. To Julius 
Cffisar, assisted by Sosigenes, an eminent Alexandrian 
astronomer and mathematician, we owe the neat con. 
trivance of the two years of S65 and 3()6 days, and the 
insertion of one bissextile after three common years. 
This importrot change took place in the 45th year 
before Christ, which was the first regular ycalr, com- 
mencing on the Ist of January, being the day of tho 
new mc^n immediately following the winter solstice of 
the year before. may judge of die state into which 
the reckoning of time had fallen, by the fact, that, to in- 
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troduce^;hc new system^ it neccKsary to enact that 
the previous year (46' ii. c.) should causist of 455 
days, a circumstance which obtained it tht epithet of 
** the year of confusion.” 

(655.) 'rile Julian rule made every fourth year, 
without exception, a bibst^xiile. This is, in fact, an 
over-correction ; it supposes the length of the tropical 
year to be which is too great, and thereby in- 

duces an error of 7 days in 9^1^^ years, as will easily 
appear on trial. Accordingly, so early as the year 1414, 
it began to he perceived that the equinoxes were gra- 
dually creeping away from the 2Jst of March and 
tcifil)er, where they ought to have always fallen had the 
Julian year l>een exact, and happening (as it ajtpeared) 
too early. The necessity of a fresh and effectual reform 
in the calendar was from that time continually urged, and 
at letft;th admitted. The change (which took place under 
the popedom of Gregory XIII.) consisted in the omission 
of ten nominal days after the 4th of Octolwr, 1 .582 (so 
cliat the next day was called the 1 5th, and not the 5th), 
and the promulgation of the rule already explained for 
future regulation. The change was adopted imme- 
diately in all catholic countries ; but more slowly in 
protestant. In England, the change of style," as it 
was called, took place after the 2d of September, 1752, 
deven nominal days being then struck out ; so that, 4he 
last day of old style being the 2d, the first of New 
Style (the next day) was called the 14th, instead of the 
3d. The same legislative enactment which established 
the Gregorian year in England in 1 7^02, shortened the 
preceding year, 1751, by a full quarter. Previous to 
that time, the year was held to bemn with the 25th 
March, and the year a.d. 1751 did accordingly; 
but that year was not suffered to run out,%ut was sup- 
planted on the 1st January by tlie year 1752, which it 
was enacted should commence on that day, as well as 
every subsequent year. Russia is now the only country 
in Europe in which the Old Style is still adhered to, 
and (another secular year having elapsed) the diflbrcnce 
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between the European and Russian dates ambunts^ at 
present, to IS days. 

( 636 ,) It is iortunatc for astronomy that the con- 
fusion of dates, and the irreconcilable contradictions 
wliich historical statements too often exhibit, when con- 
fronted with tlie best knowledge wc possess of the 
ancient reckonings of time, affect recorded observations 
but little. An astronomical observation, of any striking 
and well-marked pbii nomenon, carries with it, in most 
cases, abundant means of recovering its exact date, 
when any tolerable approximation is afforded to it by 
dironological records ; and. so far from being abjectly 
dependent on the obscure anil often contradictory d&tes 
which the comparison of ancient authorities indicates, is 
often itself the surest and most convincing evidence on 
which a chronological c'poch can 1 h.‘ brought to rest. 
Remarkable eclipses, for instance, now that theMunar 
theory is thoroughly understood, can be calculated back 
for several thousands of years, without the possibility of 
mistaking the <lay of their occurrence. And whenever 
any such eclipse is so interwoven with the account given 
by an ancient author of some historical event, as to in- 
dicate precisely the interval of time betw’een the eclipse 
and die event, and at the same time completely to iden. 
tify the eclipse, that date is recovered and fixed for 
ever,* 

(6S7.) The days tlius parcelled out into years, the 
next step to a perfect knowledge of time is to secure the 
identification of each day, by imposing on it a name 
universally known and employed. Since, however, the 
days of a whole year are too numerous to admit of load- 
ing the memory iMpth distinct names for each, all nations 
have felt the necessity of breaking them down into 
parcels of a^morc moderate extent ; giving names to 
each of these parcels, and |iarticularizing the days in 
each by numbers, or by some especial indication. The 

* See the remarkehle calriilatinnit of Mr.Baily relative to the oekbraUd 
•ol«r acliiMc which put aii end to the iMittie between the king* of Media 
and Idfdia, a. c. CKX SO. TbU. Traut. ci. m 
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lunar nwnth has been rosorted to in many instances ; 
and some nations have, in fact, ])rt:fcrrc^ a lunar to a 
solar clironology altogoihor, as the Turks and Jews con- 
tinue to do to this day, making the year consist of 13 
lunar inontlis, or 355 days.*^ Our own division into 
twelve unequal months is entirely arbitrary, atid often 
productive of confusion, owing to tlie equivoque between 
Uie lunar and calerular tiunith. The intercalary day na- 
turally attaches itself to February as the shortest. 


« Tlio Mrtoiiio r}rU>, tlio fact, iltkcnvi'ml by Metort, a Orcok mattHv* 
mniiciaii, tliat 1 ') bolar yi'an (-(111111111 juii e lunatiorM fiirhi(;b in fact tticy 
ilii t(i a very lU'iinn* (it iippi «i> 1111.1: ioto, wub duly aimrcnated by th« 
irn.‘('k.<t, (iH (>ii! 4 uriiiK Uir (-urri-dMtiak-Mre o<' tin* solar ami lunar yean, and 
Il(l1alur^ wt're dvi-rctnl to itb diici.tbcri.r. 


NOTH 

Oft Oil’ Consfituitun itf a Giof Mfar Ctus/t /•, rtfernd to t» page 

11 v'O su|ipoAca frloliular sikui' lillc.l wirh rtiiinl btars, unitormly dispencf) 
thniuf;li it, and verv uuriu ror.b, i m h oi thcni attrorlin^ cinry other with a 
fon’c invrrfci’U as llii'Miii.ireoroM dut‘(m‘c,thf>r(su)tant forcA-hy whirl) any 
imu of thrui .u tfir Mtri.i< r aloi.r « xci'ptod; \, 'M in virtiir of 

tlirir jiiint attrartioMb, wjH t-r dirciti d towardh th(> I’oniriion mitwol tin; 
sphere, and will be diriM-tly a«Ui( dolanee ihorefroin. This iuilows trim what 
Newton hao proved oftherM/. i;/o/;(ttt.>( tioriot a hoinri|{(>ii(>o(ui spherv. Now, 
under siirh a law nl ton e, c.ieii |Mriu*iiiur star would descr/bi* a |M'rl«ct cnijiNK 
AlNiut the coiutnon ecorer nl :t) a^ lU « vnttr, and t/ta\ in whatever tihirie 

and whatevei dm rtinn it niipht pnolvi’. The ('(inditinn, l)M»relQr«, of a ro. 
tatiou of the elufckr. .is a about a sioKk axis would be unncc^waary, 

Ka( h elliifse, whole* or uiighr Ih* tiie pii>iN>rtmti of its axes, or the irieliria- 
Uon of its plane to the others, would Im* Invariable <n rvrri/ narfimAir, amJ 
all would bo deu-.ribtil in one eomintin i>eriiNl, so that at tlic end of every 
such pcrKxl, or annut magnNF in ih». sybtcin, ev(*ry star ol the cluster (ex- 
«^t tnc sutierhcial orK>> wt.uld |te exaellv n'-establisbeil in ita ort|;inat pou 
sitlon, thonee to set out alresh, .md run fiie Mine uiivarving rour^ fbr an 
indehnjte sueceMion ol .ige*., SH»|MiAiiif( ttieir rootioiis, therefore*, to be ao 
adiu*>tcd at ant one iiioineiit ns tli.-it the orlnU should not intersect each 
other, ond so that the niapnitiide of each «rar, and the Sfihere of its more 
intense attraction, should U*ar but a sm«ill profiorlion to the distance aepa> 
ratuig tiic individuals, such a si .torn, it is obvious, might sulwiat, and 
reatoc, in great measure, tliat abstract and ideal liam^^uiy, which Newton, 
in the SPlh ProiiOiiition of the First Book of the Printg/iutt ha» shown to 
characterise a law of force directly as tlie distance, bee also Qumrttriy 
Hmett, No. 9*. p. 540. — AutAor. 
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Synoptic Table op the Ky^fment.s ok the Solabi Sr$TUf. 


N. B.— >Thc data fur Juno, Cvrcs, and I’allaji an- for January L 

ISA), Thrre^t tor January 1. ISDl 


Plaoct*! 

name. 

Mean ihstniirr 
lyoni Sun, or 
Sernuaxta. 

Mean Sulrreal 
PiyukI III Mean 
Solar Days. 

Kxceiitricity m 
Parts of the 
Semi-axi&. 

Mercury 

()*:JK7()i)Sl 

87 *96 92.; SO 

0-2055149 

VenuB 

0-7U3M:il(> 

221 -TlXlTSfi!) 

0*CX)68607 

Earth 

1<X3(XXXX) 

36.»-256.%12 

0*0167836 

Mara 

l‘5S>3ti*>US 

68f, *9796-1.18 

0*0933070 

VesUi 

a*;l(>7H7tX) 

l:12.7*74:n()00 

OKlBillBOO 

Juno 

2*6‘0’9(X)iX) 

1592*66()8tKX) 

0*2578480 

Ceres 

2-76’72-4JC) 

l08l*393UXX) 

0*0784390 

Pallas 

2-77tJHSr>() 

168(»* >38S(\X) 

0*2416480* 

Jupiter 

5-202770() 

433'i-5Sl«2I2 

0*0481621 

Saturn 


10759*2198174 

0*0561505 

Uranus { 


30686*82t).S296 

0*0466794 

Planet's 

liuJiiiation iothr 

Lfingitude of 

l,.(iiigitude of 

Name. 

Eehptic, 

aareiuiiiig N^hIc. 

Perihehun. 

Mercury 

T 0' J/'-i 

4,')® 57' 

74*^ 2P 46''*9 

Venus 

Earth 

:) 28 28 -5 

74 51 12 *9 

128 43 53 *1 
99 30 5 *0 

Mars 

1 51 <i -‘2 

48 O 3 *5 

332 23 56 *6 

Vesta 

7 8 9 0 

10.3 15 18 *2 

249 33 24 *4 

Juno 

1:1 4 9-7 

171 7 40 *4 

53 33 46 *0 

Ceres 

10 87 26 *2 

80 41 24 *0 1 

147 7 31 *5 

Pallas 

34 34 55 -0 

172 39 26 *8 

121 7 4-3 

Jupiter 

1 18 51 -3 

98 26 18 *9 

11 8 34 *6 

Saturn 

2 29 ^'7 

111 56 .37 ‘4 

89 9 29 -8 

Uranus 

0 46 2ir«4 

72 .59 35 -3 

167 31 16 *1 

Planet's 

Mean Longlttide 

Mniwtn Billionths 

1 Equatorial Dio. 

1 meter, the Sun's 
.being 111-45A 

Name. 

at the Epoch. 

of the Sun's. 

Mercury 

166*^ o' 48^*6 

493628 

0*398 

Venus 

11 sr. ;i 0 

2463836 

0*975 1 

Earth 

lOP 39 10 -2 

2817409 

1*000 

Mars 

Vesta 

JFiino 

TM 22 55 -5 
278 30 0-4 
200 16 19 1 

392735 

0*317 

Cw*s 

Pa11a.H 

123 16 11 *9 
108 24 57 -9 

■ — 


Jupiter 

112 15 23 *0 

953570222 

10*860 

Saturn 

IS5 20 6 -5 

284738000 

9*987 

Uranus 

177 48 23 *0 

55809812 

4*332 
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SvNOPTic Tadlk of the Ki«ements of the Orbits 
OF THE Satellites^ so far as tiiey are known. 


N. J5. — The disianccs iiro i‘X|>rcssc‘d in equatorial radii of the 
priinarivs. The epoch it Jan. 1. 1801. liie periodfly &c, 
are expressed in mean solar days. 


• L The Moon. 

Mean disLince from earth - 
Mean sidereal revolution 
Mean synodical ditto 
Kxceiftricity of orbit 
Mean revolution of nwhs - 
ISlean revolution of apogee 
Mean longitude of ncsle at epoch 
Mean longitude of perigee at do. 
Mean inclinaticin ttf orbit - 
Mean longitude of moon at epoch 
Mass, that of earth being 1, 

Diameter in miles ... 


29^*9821 T.'JOO 
27‘‘-fj21(iOl418 
29'’»5;K)o8H7I5 
0-t)548*142t)0 
fi79JP*89lOHO 
82^2 '-575343 
13® 5r/ 17" 7 
200 10 1 -S 

5 H 47 -9 
118 17 8 -3 

0-0125172 
2160 


II. Satellites op Jupiter. 


Sat 

Mean 

Dutanre. 

Sidereal 

Revolution. 

Inrlination of 
Orbit to that of 
Jujiiler. 

Maii«: that 
uf Jupiter 
being 

lOOOOUObOO. 

1 

6-04853 

|d |„l, 

3 '' r/ 30 ^' 

17328 

2 

9 ' 02 :W 7 

.3 1.3 M 

Va||ah]c 

232.35 

3 

15-35021 

7 3 43 

Variably 

88497 

‘ 4 

26-99835 

16 16 .32 

2 58 4 t 

42659 


The excentricitiea of tlic l»t and 2d satellite are inaenoibley 
that of the 3d and 4th small, but voriabla in consequence of 
their mutual perturbations. 


E S 
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III. Satellites of Saturn. 


Sat. 

Uaan 

Dutance. 

Sulerval 

Revolution. 

Excentncities and TrtffW*i**^int. 

1 

3-351 

O'* 22** 38 ' 

Tlie orbits of the aix inttiiDr 

2 

4-300 

1 8 59 

satellites are nearly circular^ 

3 

5-284 

1 21 18 

and very nearly in the plane of 


6*819 

2 17 45 

oftliering. Thatof theaeventh 


9-524 

4 12 25 

is conaiderably incUned to 


22-081 

1.9 22 4L 

the rest, and approaches nearer 


64-359 

79 7 55 

to coincidence with the ecliptic. ' 


IV. Satellites of Uranus. 


Mean 

Distance. 

Sidereal Period. 


Inclination to Bdlptlc. 

13*120 

5'* 

21'* 

25'“ 

O' 

Their orbits arc inclined 

17-022 

8 

16 

56 

5 

about 78^ 58' to the 

19*845 

10 

23 

4 

0 

ecliptic, and their motion 

22*752 

19 

11 

8 

59 

is retroiprade. The pe- 

45-507 

38 

1 

48 

0 

riods of the 2d and 4th 

91-008 

107 

16 

40 

0 

require a trifling correc- 
tion. The orbits appear 
to be nearly circles. 
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277. 

Bodies, efthet of the earth's nttrac. 
tion on, 128 Motion of, iXi. 
Hole for determining the veloc. 
city of, 2:14. Broblero of three, 

JijS. 

Bonda, bis invention of the prin. 
clple of rei>ctition, 101. 


f'. 

Calendar. 4(i8u Gregorian, 410. 

.Tulian, 412. 

Cmihc nmi cflect, 8.‘%l 
< elcstiat reitactuin, :v|>. Ma|M, l.';7. 
ConKtriirlion of, by olmcrviitions 
on right aiM'cnsiou and iIitIiuu. 
tinn. loS. Objirts clivnicd into 
fixed and erriitic, Kd. Ixuigl- 
tildes and liititudcii, IG? 
fViitnfiigal force, 121 
( liroMoiiiett’rs, 77 
( in'h'B, co.ordiii.ite, fl7. 
t lairaut, 12H. 

('Icpsy liras, 77. 

(^loi ks, 77 

ConieU, their mimbc^, riOl. Their 
lads, 'J’lioir conutitiilion, 

31 rj. Their orbits, Their 

i irtHlicted returns , Kiirke*s, :KjK. 
iiela’s, 3W. I'helr dimensions, 
:ill. 

CoiKTtilran explanation o • the 
sun’s apparent wotion, liH. 


n 

J)4te«, Astroriomieal tneaii& of fix- 
ing, 41 4. 

Day, solar, civil measure of time, 
4flK. Sidereal, 4'Si. 

DcOnitions of various terms em. 

ploycfl in ostronomy, fiA 
Diurnal ur^eocentric parallax, 1b9 

% 


Earth, the, one of tlie principal 
objects of the astronomer's con. 
sideratioii ; opinions of the an- 
cients concerning, la Real and 
apparent motion of, explained, 
ik Form and magnitude of, I A 
Its apparent diameter, 16 
diagram, elutidJitlng the circular 
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ionn (if, 17. Efffect of th« curva- ' 
turc nt; 19. DiurnnI ruUtiMn of, 
I*oIe« of, 4|. Hgure of, KW. 
IVloana of determining with arrti. 
racy the dimensionii of the whole 
or any part of, expl.iiinHl, 1CI9 
Meridional section nt, il.*; Kx. 
act dimensions of, 117 Its form 
that of eiiuilibriiim, in«Mlilit>d by 
ccntrifug.il forre, 12>). l.xN‘al 
vnnatioii of giMvity on it:i siir- 
face, 12‘1. Kllerts of the c.irtliV 
rotation, 1^7. Correction lot the 
snheriiitv of, 14‘*. The jioint of 
tlie eartli'fl axis, 17(t Conical 
inovrinents oi‘, 171. Mutation .if, 
112. I*.irallclii>ni of, t!»r» l*io. 
fiortioii of Its mass to that of 
the him, I*H). 

Ecliptic, the, l(i4. Its (losition 
among the starn, IfiTi. roles of, 
lOf). JM.iiic of Ith hcimlar varia. 
tioii, S'lH 

Elliptic inntinn, laws of, 187. 

E(|U!iti(ii.s fur precciwion and nuta. 
turn, V5. 

Fapiatorial or parallactic in.stru. 
niciit, 9!). 

Kmiinoxes, prwcssioii of the, lt>S. 
IJrariographic.il eirert of, Itg) 

Kxcenlncity of the planetary orbits, 
it.s v.irnilion, 

Explanation of the seasons, ipr*. 


F. 

Floating collimator, invented by 
captain Katcr,<l5 
Force, centrifugal, 


ieration of the moon'i mean 
motion, :15.^ 

Harding, professor, SlTfi. 
llcritchcl, sir William, his view of 
the physical constitution of the 
Him, 

Horuun, dip of the, explained, 18 
Hour-glass, 17. 


K. 

Kater's floating rollimatnr, 9.0. 

Kenler, the first who ascertained 
the eili|>tic form of the earth's 
orbit, 1 ^ IfiH laws, and their 
interpretation, tiltiJ. 


I* 

• 

lailande, his ideas of the spots on 

the Mill, 'a^i9 

laip'acc accounts for the sivutar 
ficreieration of the moon, :{.; 5 . 

Jaititiule, Itl. laaigth of a degree 
of, 111 . 

la^vel, description and use of, L*i 

Light, aberration of, 177. Frano. 
graphical etllx’t of, 17'>. Its vclo. 
city proved by ecdiiues of Jupi. 
ter's Hatelhti.s, $ 07 . 

lamgiiudes, determination of, by 
astronuniical olisenatiun, l.'^i 
HitreTcnres found by chrcnio- 
nieter.s, l.T/, netermineU by 
telegrauhic signals, la 9 . 

Lunar eclipses, SiiH. 


M. 


( 1 . 


(lav-T.ussac, his aeronautic expiv 
dilioii, 'ii 

(tuliUxi iliscovcrs Jupiter’s satcL 
lites, 

Geographical latitudes determined. 


Geography, outline of. so far as it 
Is to be considered a fiart of 
astronomy, 1U7. 

Gravitation, law of universal, iS.! 

Gravity, local, vafiatton of, 1*2.1. 
Statical mcasule of, 125. Dyna- 
raical measure of, 12(1 Terres- 
trial, S3.1 Diminution of, at Uio 
moon, Sdio. Solar, SiO. 


H. 

Hadley's sextant, lot. 

*Hal!ey diai'overs the secular occe- 


Maclaurin, ICR. 

Mafts, construction of, 147. Pro. 
jettons chiefly useil m, l.'d. The 
orthographic, Htercugr^ihic, aiul 
Mercator's, Ml. 

Menstrual equation, 289. 

Mercators', projection of the 
sphere, l.Vi. 

Menniry, the most reflective fluid 
known, 91. 

Blend ian, or transit circle, for as- 
certaining the right ascensions 
and polar distances of objects, 
Stt: 

Microscope, compound, 84. 

Milky wgy, Ifii d75. 

Moon, the. Its sidereal period ; its 
apparent diameter,i'l.'{. ItsparaU 
lax, distance, and real diameter, 
Sl-k The form of its orbit, like 
that of the sun, is elliptic, but 
considerably more czcentiic ; the 
first approximation to its orbit. 
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i'l l MotHDim of the notlea of, 
iilG. Occultations oL !21T. Phaot-N 
or, Ik dynfxlic&l pcrlfMl*, 
•isii. llevulutions of the apKidet 
of, 227. Hiysical constitution 
of, 228. Its niountaini, 22<J. Its 
atiniMphcro, 2.'iU. Uutalion of; 
1 ibr at ioi i of. 1 . l)i min ution of 
gravity at the; diitance of it 
nroin tlicfarth, iiJS. lU gravity 
fonrards tin* earth ; towards the 
sun, Its motion disturlird 
by the min's attraitton, Ac. 
rcleration of its mean niotiou ; 
accounted for by I^anlace, :>ri5. 

Motion, fiacallactic, IJ. Ap|a;ar. 
ances resulting from duirnat 
motion, 14. Keal and a|>]iiirent 
motion of the earth descntied, 
172 Of iKMlies, 2a:l. l^ws of 
ell^itic motion, Ortnt of the 
earth round the sun in accord, 
once with theic laws, 221). 

Mural circle, HU. 


S. 

• 

Nebula*, sir W. Hcrxchers disco, 
vcrics ot, 401. ItcMilvablc, 
Annular, 4^4. Planetary, 405. 
Newton, Ins law of universal gra- 
vitation, 2J<)c 
.Vodcs, their motion, .';22, 

Nutation, its ph>sica1 causes, 331 


O, 

flibcrs, I>r., 27^, 

Uriiitii, VAnatlon of their iiicliniu 
tioris, :i2o. 


2.51). Superior planets, 25.0. 'J'heir 
diKtancca and iwrind)!, 2ii0. 
Method for d^‘rnunlng their 
sidereal perlodf and distance. 
StiSt. Flliptit' elements of the 
nlanetary orbits, 2d5. Their 
iielioeciitnc and geocentric 
places, 272. The four ultra- 
todiacal plarietH, diM'iiveretl in 
IHffl, S7fK The nil >- steal imi'uU- 
arities, and probable eundirion 
of the several planets, 277. Their 
npiuirent and real diameters, 2N0, 
Thor )R'rioila un:iltcral)le, r>5H. 
Their maskes discovered inde- 
pendently of satellites, 371. 

Polar and horisoiital points, iM. 
}*ole star, 4J. Situation of, hit 
Precession, lU physical raiiM'S, 

Projectiles, motion of, 21*. Cur- 
vilincar path ul, 2.i4. 


R. 


Ravs of light, relrartioii of, iiii. 

Uehcrtiiig circle, 10) 

Uedection, angle of, equal to tliat 
of tnciderire, Id. 

JReftraction, SKI Of the atmosphere, 
27. F.ffbi'bi of, to raise all the 
heavenly bodies higher above the 
honson in apjieararn e than they 
are In reality, t'S. ticneral no. 
lions of Its aniuunt, and law ol 
variation, 30. 'I'erresinal relVat^. 
tiofl, 3JL Celi^tial retraituin, 


Rr^itiori, principle of, iDVcntcd 
by Uur^, 105^ , 


P. 

Parallax, 4a 

Pendulum, 12& 

Perturbations, 311 Of the planet- 
ary orbits, <'>40. 

Planel, methml of ascertaining its 
mass, compared with that of the 
sun, when it has a satellite, SfO. 

I’lancts,the,241 A {iparent motion 
of, 244. llieir stations and re. 
trogradations, 241 Tlie tun 
thsir natural centn* of motion, 
S-Mi Their apparent diameters 
and distances from the sun, 247. 
Motions of the inferior pKneti : 
transits of, 249. Ekmgatiorit of, 
S51. Their sidereal periods, 252. 
Synodical revolutions of, 21*1 
Phases erf Mercury and Mars, 
253k Transits of Vcnuicxplainfd, 


a 

Satellites, 288. Their motions 
roiiiid thrir primary analogous 
to those of the loiter round the 
sun, 291. Of Jupiter, 29a Their 
niassct, 372 

Saturn, his satellites, 228. 

Sea, action ot the on tho land, 

121 . 

Seasons, explanation of the. 125. 

Sexunt am reflecting circle, 102. 
Its optical pitiieilr, IGa 

gidereal clock, 59 

Sioercal year, 1G5. 

Sideml time, reckoned by the 
diurnal motion of the stars, fia 

fhrius. Its intrinsic brilliancy, S7U. 

Solar edtpsss, 2ia System, 243. 

Sphere, celestial Prelections 
of, 151. 

Stars, 49. lUstaDce of, from the 
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cavih, £pf). Sidorcal time reck- 
oned hy the fliiirn.*il motion of 
the, aa. Vk;«ililt' liy day, fiJ. 
Fixcil and erratic, Ifil. Their 
rcl.itivc raaftnitiiile ; infinite 
numiH'r, .173. 'rheir dutnbiition 
in the heavens. 375. Their 
distances, C>7d The centers of 
pimiutary systems, j'-'i) period. 
ICaI, I'iSl 'i'eiiiiMir.'iry, 3Sf 
Double, ,‘#■^.5. ]liii.irv, 'I'heir 
orbits eih)>tic, .'i'd Their colour!!i, 
S{>l. Their (iropcr inOtmiis, 
(Musters of , : 1»S. (ilobul.ir rhis- 
tters Ilf, 41X1. Irre|;iil<ir clusters 
of, 402 Nebulous, 404. 

Sun, ap|iarefit motion of the, not 
unifoim, 184. ILs apparent din- 
iiieter also variable, lh5. Its 
orbit not nrcul.tr, but eUiptic.tl, 
IHii. Variation of its distanec, 
187. Its apparent Hiitiual ino. 
tlnii, 188. rarallix of, ISD. Its 
distance and m.Httiiitude, Vh!. 
Diineiisions ami rotation 017 IP, 
Mean ami true longitude of, 
l-aiuation of its center, IMiy- 
sieal coiistitiitinri of, Deiu 

ally of; foree ot gravity on its 
surface, ‘Ji5» The disturtiing 
eilei't ol!, on the inoon's luution, 
‘JW 

T. 

Ttible, exhibiting degrees in dif. 
fereiit latitudes, exprt^Htsl ni 
Hritish standard feel, as result- 
uig Iroin uetu.d incus uieinent, 

ns. 

Teleseo]ic, S5. Andication of, tiie 
;^rr.iiul Miurec oi all the precision 
of modern a>tr(fnoiny, bd. Dif. I 


ferenresof dce]inae.on mcaMtrcd 
by, S7. 

Terrestrial refraction, ). 

Thc*oduhte, loiistruclion of the, 
I4U. 

Titles, their phvsical cause, .J.j5. 

Time, nie.|..ureTiieiit ot, 77. It.s 
measures, •p'*' 

Trade mild*., 12S F.xjtl motion of 
this phi‘iiO)nL‘iiun,lJo t'onr.iciii- 
atioii ot, 1 n 

Transit uistrumenl, 7.’». 

TngonmiietruMl survev, 147. 

'J'ropical .‘tml uiiouiuhstic yc.ars, 
id'i, 

Twilight caused hv tbe refleetion 
lit the ‘>1111 and the iiioiui on the 
utiiiDSpliere, >1. 


r 

Ilranngraphic.il prohleiu^, JSl. 

Viunogt,iph%, }%, 

Ihamis, his s.ite'’ites, 


\ 

Variations, rtcriudic and Kcmbr, 
341. 

Y 

Year, trop'Cal. the civil ine.a&ure 
ui l.iiie i'i\ Sideri al, lo!;. 


Z. 

Zodiac, the, If’ 
Zodiacal hgtit, 4if7. 
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